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ADVERTISEMENT. 



TH E Committee appointed by the koyal Society to direS the pub* 
lication of the Phito/ophicaJ Tranfadions^ take this opportunity to 
^acquaint the Public, that it fully appears, as well from the council-books 
and journals of the Society, as from repeated declarations which have 
been made in feveral former Tranfaclions^ that the printing of them was 
always, ifrom time to time, the fingle aft of the refpeftive Secretaries, tilf 
the Forty- feveuth Volume : the Society, as a Body, never interefting them- 
' felves any further in their publication, than by occafionally recommending 
the revival of them to ifome of their Secretaries, when, from the particular 
circumftance^ of their affairs, the Tranfa^imi had happened for any 
length of time to be intermitted. And this feems principally to have 
been done with a view to fatisfy the Public, that their ufuai meetings 
were then continued for the improvement of knowledge, and benefit of 
mankind, the great ends- of their firft inftitution by the Royal Charters, 
and which they have ever.fince fteadily4)urfued. » 

But the Society being of kte years greatly inlarged, and their com- 
mnnitations more numerous, it Was thought advifable, that a Committee 
of their Members fhould be appointed to reconfider the papers read be- 
fore them, and feleft out of them fuch, as they Ihould judge moft pro- 
per for publication in the future TranfaHiens \ which was accordingly 
done upon the 26th of March 1752. And the grounds of their choice 
are, and will continue to be, the importance and (Ingularity of the fub- 
jefts, or the advantageous manner of treating them ; without pretending 
to anfwer for the certainty of the fafts, or propriety of the reafonings, 
contained in the feveral papers fo publiihed, which mull ftill reft on the 
credit or judgment of their refpeftive authors, 
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It IS likcwife neceflary on this occafion to remark', that it is an cfta^ 
bli(hed rule of the Society, to which they will always adhere,, never to 
give their opinion^ a Body, upon any fubjeft, cither of Nature or Art^. 
that comes before them. And therefore the thanks, which are fre- 
quently propofed from the chair, to be given- to the authors of fuch pa- 
pers asare read at their accuftomed meetings^ or to the perfons through 
whofe hands they receive them, ace to be confideredin no other light 
than as a matter of civility, inreturn for the refpcft Ihewn to the Society 
by thofe communications. The like alfo. is to be faid with regard to 
thefeveralprojefls, inventions, and curiofities of various kinds, which, 
are often exhibited to the Society ; the authors whereof, or thofe who 
exhibit them, frequently take the liberty to report, and even to certify 
in the public news-papers, that they have met -with the higheft applaufc 
and approbation. And therefore it is hoped, that no regard will here- 
after be paid to fuch reports, and public notices ; which in fome inftanccs?- 
have been too lightly credited, to the diflionour of the Society. 
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Page 36 7 « linei 15. and i6* rgad the numbers as they are printed in the table, 

P-37I- 
P. 373. I. II. and la. rgailct^^i'}* 56^1 1 . Ex 30** 4' 3 $'',8 ; which will, 

of courfe, occafion an alteration in the figures, p. 373. 1. 14. 26.; p. 3^4. 

1. i6. 20| 21. 24. 27. 29.; and p. 375. 1. 2. 4. 7, 8; fothat the refult, on 

p. 377. L 25. wUlftand thus: [f^^^ 3J^^}. 

P. 375. 1. 1 1, after | ^^^ 1 , add the words, « of the poleof the ecliptici*^ 
P* 378. 1. 17. f9r 18 feet 8 inchei rtad^ 15 ftet 3} inches* 
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I. Cy /Atf Methods of manifefting the Prtfence^ and afcertainwg 
the ^ality^ of fmall ^antities of Natural or Arttfklat 
EUaricity. By Mr. Tiberius Cavallo, F. R. S. 



The Le6ture founded by the late Henry Baker, Efq. F* R. S* 



Read Noveiiibcr 15, iy^J^ 

THE perfeveriug laduftry of many ingenious perfons in 
the philofophical world, fince the beginning of the 
prcfent cemtury, has gradually, and with rapid fuccefs, exa- 
mined the effedls, afcertained the properties, and invefligated 
Vtoi.. LXXVIII. B the 



^ Mri Cavallo^s Ohfervafions on 

the laws of a fcieuce almoft entirely unknown ht&r^ Vzx\oyi9 
wonderful phaenotnena of iiature have been texplaioedf qi«an$> 
have been difcovered of avoiding fome of their dangerous 
efFefts, and a greater infight into the general operations of 
nature has been derived^ from the knowledge of fp great and 
fo extenfive a power as is commonly underftood under the 
name of eleSirtcity ; yet, if inftead of contemplating its more 
striking phenomena, viz. thofe which are apt to furprife more 
by the magnitude of their effefts, th^ft by the inftruftioni 
which they may afford, we endeavour to examine the fubjpft 
more clofely, we fhall find that our knowledge of eleftricity 
goes very little, if at all, beyond the fuperficial part of it» 
We know, for inftance, tkat a piece of glals, or other ekdric^ 
when rubbed, will produce that power which we call eledri- 
city, that the glafs will communicate the acquired eledricity 
to a piece of metal, that the piece t>f metal will retain that 
power in certain circumftances, and fo on ; but no perfon bas^ 
Ihewn how that power is generated by the friftion, or what 
prevents its paflafg6 through the fubftance of fome pattioular 
bodies. It has been afcertained, that the air e£ moil couii* 
tries, and prbbably of the whole world, as well as the douds,. 
fogs, rains, &c, are almoft always eledtrified; but we are 
ignorant of the office which this electricity can have in the 
great laboratory of nature; for furely fo general atid fo^ aAive 
a power can hardly be intended by nature, merely to intimi- 
date mankind now and then with the thunder and the light- 
nlng. 

It appears, therefore,* that tbofo per^ms^ wlia are now 

witting to diftinguifli thiemfelves in this interefting branch of 

natural philofophy, ought' to examine the defitrical power not 

fo much in its accumulated^ as m its Ihcipieht (late. Itsfirft 
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origm, or very beginning) ought to be invedigated, it being 
afterwards very eafy to nnderftand its increafe ; for we may 
eafily comprehend, how a great quantity of it may be accu* 
mulated from the often repeated additions of its fmalleft 
portions. 

• This truth having been underftood by feveral philofophical 
perfons, has induced them to contrive inflruments neceifary 
for the purpofe^ and to make numerous obfervations, which 
have undoubtedly promoted the knowledge of the fubjed ; but 
^ great deal ftiil remains to be done, before we can attain to 
the knowledge of the objeft in view, vi%. of the real nature, 
of the firft oogin, and of the general uie of . eleflricity. The 
mftromeiits hitherto invented are ftill inadequate to the pur- 
poie, a&d the known methods of operating are not free from 
coniiderable objedions* To examine the peculiar conftruc* 
tions, intended nfes, prc^rties, and defeds^ of thofe iofira* 
ments^ as welt as methods of performhig the experimented a 
the principal objed of the pre&nt JLe&ure, which I have the 
honour of delivering to this learned Society^ and which. may » 
perhaps, be of ufe to other experimenters in. this branch of 
phiiofi^hy ; fince what is mentioned in tke.foUowing pages is 
the refnlt of knig experience^ and of confideration# . Of. expe^ 
iiecice, whidi has often contraidided the famguine expe^dons 
of a preK:onceiv^ theory; and of coufideration^ which has 
frequently demonftrated the abfurdity or infuflicieocy of 
icheaaes which^ at firft iig^t^ feemed very eaiy and plaufible* 

The late Mr. John Cantok was, as £cir as I know^ th^ 
iirft p6r£>n who conftr«0:ed an de&rooMtery or inftriiooent 
capable of ibewing the prefenca of. wiiat was then confidevcd 
aaaiinall qaaatky o£ ekSkricky* This inftrument confi^d 
<l£ two ikatt balls of pidi of dder or of oock^faftened to the 
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4 Mf. Cavallo^s Obfervafions on 

two extremities of a linen thread, the middle of which wa* 

faftened to an oblong wooden box, in which the thread and 

balls were kept, when not adually in ufe. It was with fucb 

an inftrument that Mr. Canton himfelf, Father Reccaria, 

and others, afccrtained the eleftricity generally exifting in tho 

air; and that Mr. Ronayne difcovered the conftant eleftricity 

of fogs. But in the courfe of my experiments, having made 

frequent ufe of fuch eleftrometers, it naturally occurred to^ 

me, that in fcveral cafes, when the eleftrometer gave no figns 

of eledtricity, or at leaft not fufficient to afcertain its quality,. 

the caufe of it was the refpe<3ively large fize of the inftru* 

ment ; for a fmall quantity of electricity being difiufed througlv 

the box, thread, and balls of the ele£brometer, had not power 

iufiicient to feparate the balls, and of courfe to fiiew its pre-- 

ience. In confequence of this, I contra6bd the fize of the 

eledlrometers to fuch a degree as could be afFedted.by lefs than 

the tenth part of that quantity of eleftricity which was ne- 

ceffary to afied Mr. Canton's eledrometen But in making* 

the eleftrometers very Ihort, the fiifihefsof the threads, whicli 

had been iniignificant in a great extent, became now very con* 

iiderable ; hence, inftead of faftening the balls to the two ex-* 

tremities of one piece of thready I found it necefiary to fuf* 

pend each ball by a feparate piece of thread;, the upper part. 

of which was formed into a loop^ which moved in a ring of 

brafs wire. 

The elediometers, thus improved, were ilill fubjeA to a* 
very great imperfe£lioD, which was the twiftingof the threads ; 
to avoid which I fubftituted £ne filver wire, inftead of linen^ 
threads, which anfwered very- well. However^ in obferving^ 
the ele&ricity of the atmofphere, thofe eledrMieters appeared 
to labour under a coniiderabie inconvenience^ which was their 
"; ; 4 being 
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Ifting difturbed by the wind ; for it frequently happened, that 
neither the exigence, nor the quality, of the eleftricity could 
be afcertained on account of the wind agitating the inftrument, 
and becaufe the ele<9uricity being in fmall quantity would not 
ren^ain on the elefly-ometer a time {efficient to bring the inftru- 
jnent within doors, where it might be examined without any 
obftruftion. In order to remove this imperfedion, I inclofed 
the eledtronietcr in a bottle, as it is defcribed in the Philo- 
Ibphical Tranfafljioris, Vol, LXX^ whicli conftrudkipn has been? 
found to anfwer remarkably well. 

This bottle elcftronieter has been- fince altared by various 
perfons ; though, in my opinion, thofe alterations do not tend to 
improve it altogether. M. db Saussurb, by altering the fliape o£ 
the bottle, and depriving it of a neck, has rendered it capable o£ 
retaining the communicated ele£kricity only for a very (hort 
time*; whereas,, fome of thofe ele£trometers, conftruded oa. 
my original plan, have retained the communicated electricity 
for more than four hours^. 

Befides this, M. db Saussurb^ as well as fome who make 
die{e eledtrometers for fale, have fubftituted pith balls, inftead^ 
of the conical corks of the original plan, the latter of whichu 
are preferable for two i^eafpns ; viz^firfi^ becaufe the balls of. 
pith are apt Co adhere to each other,, fb that on communicating, 
the ele£kricity they often do not (hew any repulfion at all ; or 
if the communicated eledricity be coniiderably great, the pith 
ballSy after adhering to each other for fome time, are at laft fepa« 
rated with violence, fo as to fly to the fides of the bottle, which, 
fruftrates the experiment ; whereas the corks are not near fa 
fubjeC): to this inconvenience ; and, fecondly, becaufe the coni* 
Cal ihape renders thofe corks capable of prefenting a much. 

^ Sausiure'8 Voyage dans let Alpes, Tom»IL 
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greater furface to each other, than if they were gfobulatt 
their weights being the fame in both cafes ; for it is very well 
known, that, of all the folid ^ures, the fphere contains the 
greateft capacity under the leaft furface ; and as the efie^ts of 
eleflricity, in thofe cafes, is proportionate to the furface, and 
not to the quantity of matter, it follows, that the conical 
(hape is preferable to the globular. 

Another alteration of the bottle eleAromcter was lately madtf 
by the Rev« Mr. BbKnet, and is defcribedin the Philofophicat 
Tranfaftions, Vol. LXXVII. Part I. It confifts princrpally in 
fubftituting two flips of gold-leaf to the corks fufpended by 
wires. This alteration has (bme peculiar advantages and difad- 
vantages. Its advantages are in general a greater degree of 
ienfibitfty^ and a more eafy conftruftion. Its difadvantaged 
are, firft, that the inftrument is not portable; and, fecondiy^ 
that even whin not carried about, it is apt to be fpoiled very 
eafily. However, in fome cafes it is very ufefulg fo tbiat, upott 
the whole, it may be confidcred as a yety good improvement. 

As the faftening of the flips of gold-leaf to this eleftrome- 
ter, and to let them hang parallel, is nx^t difficuftt it will 
not be improper to defcfibe a method whrch I have contrived^ in 
order to accomplifli it more e^y. When the flips ace coCy 
and are lying upon paper or leather^ I make xhecA equal in 
length, by meafuring them l^ith A pair of compafies, and cut- 
ting off a portion from the lohgefl: : then cut tw» bits of 
very fine paper, each about half ati inch l(Htg« aind a quarter 
of an inch broad, and fl:ick one of them, by means of a Eerie 
wax, which is rubbed upon thtttk^ to dde extremity of^ each flq) of 
gold-leaf, fo as to form a kind of letter T. This dbtie, I lM>ld 
up, in the fingers of one hand, one pitfce of paper^ with tife gdd 
leaf fufpended to tt^ and hold the ot^ with the other hand ; 

then 
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then briDg them near to each other, and after having' adjufted 
them properly, fo that the flips maj bang parallel and fmooth, 
I force the pieces of paper, which now touch each other, be^ 
tween the two fides of a fort of pincers made of brafs wire, 
which are £)ftened to the under part of that piece which 
£3rm8 the top of the ele<3:rometer : and, in order to change 
tbofe flips when fpoiled, I keep in a book feveral flips of gold-* 
leaf ready cut, mid furntflied each with a piece of paper ; fb 
that by this means this ele£trometer is rendered, in a certain 
manoer, portable. 

Befides the way of aicfrtaining fmall quantities of deGtrif 
city, by means of very delicate eleflrometers, two niethods 
have been oomnunicated to the philofophical world, by which 
fucb quantities of eledricky may be rendered manifeft, as 
eoiild not be perceived by other means. The firft of thoie 
methods is an ibvention of M. Volt A, the apparatus for it 
being called the Condenfer of ElcSlricity^ and is defcribed in the 
Philofophical Traafadtons, VoL LXXII. The fecond is a con- 
trivance of the above-mentioned Mr. Bbnkbt, who calls, the 
apparatus The HoukUr of EUSlriclty. A defcription of it is 
mfertcdinthe Philofophical Tranfadlious, VoL LXXVII. 
. M. Volt A*s condenfer confifts of a flat and fmooth metal 
plate, furniihed with an infulating handle, and a femi-con«- 
du&ing, or imperfefily infulating, plane. When one wiflies to 
examine a weak eledricity with this apparatus, as that of the 
air in calm and hot weather, which is not generally fenfible to 
an ekdrometer, he muil place the above-mentioned plate upon 
the femi' conducing plane, and a wire, or fome other con- 
ducing fubftance, mufl: be connected with the metal plate^ 
and muft be extended in the open air, fo as to abforb its elec- 
tricity ; then, after a cert^n time^ t^e metal plate muft be 

feparated 



8 Mr. Cav ALLOCS Obfirvatlom tn 

feparated from the femi-condudling plane^ and bqing prelentel 
to an ele£trometer will electrify it much, more than if it hs^d 
not been placed upon the above* noentioned plane. 
. The principle on which thea&ion cf this apparatus depends 
is, that the metal plate^ whilfl: {landing contiguous to tho 
femi-condu£ling plane» will both abforb and retain a much 
greater quantity of elefkricity than it can either abforb or 
retain when feparate^ its capacity being increaied in the former, 
and diminiihcd in the latter cafe. 

Whoever confiders this apparatus, will eafily. find, that its 
office' is not to manifeft a fmall ^quantity of ele&ricity, but 
to condenfe an expanded quantity of eledricity into a fmall 
fpace;- hence, if by means of this apparatus one expedted to 
render more manifeft than it generally is, when communicated 
immediately to an eleSirometer, the ele6l:ricity of a fmall tour- 
malin, or of a hair when rubbed, he would find bimfelf 
miftaken. 

It is Mr. Bennetts doubler that was intended to anfwer 
that end ; viz. to multiply, by repeated doubling, a fmall, and 
otherwife unperceivable, quantity of elcftricity, till it became 
fufficient to afFefl: an eledrometer, to give fparks, &c. The 
merit of this invention is certainly confiderable ; but the ufe of 
it is far from precife and certain. 

This apparatus confifts of three brafs plates, which we fhall 
call A, B, and C ; each of which is about three or four inches 
in diameter. The firft plate A is placed upon the gold-leaf 
eleftrometer, or it may be fupported horizontally by any other 
-infulating ftand, and its upper part only is thinly varnifhed. 
The fecond plate B is varnifhed on both fides, and is furnifhed 
with an infulating handle, which is faflened laterally to the 
£dge of it. The third plate C is varniflied on the under fide 

only. 



only, and is liirniflied with an infulating handle, which is per- 
pendicular to its upper furface. 

This apparatus is ufed in the following manner. The plate 
B being laid upon the plate A, the fmall quantity of eleftricity, 
which is required to be multiplied, is communicated to the 
^nder part of the plate A, and at the fame time the upper part of 
B is touched with a finger ; then the finger is firft removed ; 
the plate B is afterwards removed from over the plate A. The 
plate C is now laid upon B, and its upper furface is touched, for 
a Ihort time, with a finger. By this operation it is clear, that if 
the eledlricity communicated to the plate A is pofitive, the plate 
B muft have acquired a negative eleftricity, and the plate C muft 
have acquired the pofitive, viz. the fame of the plate A. Now 
the plate B, being feparated from C, is laid as before upon A ; 
the edge of C is brought into conta^ with the under part of 
the plate A, and at the fame time the upper part of B is 
touched with a finger, by which means the plate B, being 
afied upon by the atmofpheres of both the plates A aqd C, 
will acquire nearly twice as much electricity as it did the firft 
time, and of courfe will render the plate C, when that is laid 
upon it, proportionably more electrified than before : thus, by 
repeating this operation, the eleCtricity may be increafed to any 
required degree. 

The varnilh on.thofe furfaces of the plates which are to lie 
contiguous to each other ferves to prevent the metal of one 
touching the metal of the other ; for in that cafe, inftead of 
cue plate caufing a contrary' electricity in the other, the elec- 
tricity of the firft would be gradually communicated to the 
others, and would be difiipated. 

As foon as I underftood the ^principle of this contrivance, I 
haftened toconftruC^ fuch an apparatus, in order to try feveraf 
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experiments of a very delicate nature, efpecially on animal 
bodies and vegetables, which could not have been attempted 
before, for v^ant of a met;hod of afcertaining exceedingly 
fmall quantities of eleftricity ; but, after a great deal of trou- 
ble, and many experiments, I was at lafl: forced to conclude^ 
that the doubler of eleftricity is not an inftrument to be de-» 
pended upon, for this principal reafbn ; viz. becaufe it multi* 
plies not only the eleftricity which is willingly communi- 
cated to it from the fubftance in queftion ; but it multiplies 
alfo that eledlricity which in the courfe of the operation is 
almoft unavoidably produced by accidental fritkion ; or that 
quantity of eledtricity, however fmall it may be, which ad- 
heres to the plates in fpite of every care and precaution. 

Having found, that with a doubler con{lrud:ed in the above 
defcribed manner, after doubling or multiplying twenty or 
thirty times, it always became ftrongly eleftrified,. though na 
eleftricity had been communicated to it before the operation^ 
and though every endeavour pf depriving it of any adhering elec* 
tricity had. been praflifed ; I naturally, attributed that ele<3:ricity 
which appeared after repeatedly doubling,^ to fome fridioa 
given to the varnifli of the plates in the courfe of the opera- 
tion. In order to avoid entirely thisfource of miftake^ or at 
leaft of fufpicion, I conftrudled three plates without the leaft. 
varnifli, and which, of courfe, could not touch ea?h other, 
but were to ftand only within about one-eighth of an inch of 
each other. To efFeft this, each plate flood vertical, and was. 
fupported by two glafs flicks, which were covered with fealing- 
wax : f?c Tabal. fig. i. and 2,, where AB is a wooden pe- 
dcftal, 7i inches long, 2i broad, and ij inch thick; C and IX 
are the two glafs flicks cenaented iato the fland or pcdeftal AB^ 
and likewife into the piece of woodE, which is faftenedto the: 

back 
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back of the plate. The plate itfelf is of ftrong tin, and mea- 
fures about eight inches in diameter. The ftand AB proje£):s 
very little before the plate, by which means, when two of 
thofe plates are placed upon a table facing each other, the 
wooden (lands will prevent their coming into actual contact, as 
may be clearly perceived in fig. 3. 

I need not defcribe the manner of doubling or of multiply- 
ing with thofe plates ; the operation being eflcntially the fame 
as when the plates are conftruAed according to Mr. B£NN£T*s 
original plan, excepting that, inftead of placing them one 
upon the other, mine are placed facing each other; and in 
performing the operation they are laid hold of by the wooden 
fland AB ; fo that no fri£lion can take place either upon the 
glafs* legs, or upon any varnilh ; for thefe plates have no need 
of being vaniiflied. Sometimes, inftead of touching the plates 
themfelves with the finger, I have fixed a piece of thin wire to 
the back of the plate, and have then applied the finger to the 
extremity of the wire, fufpe£ling that fome fridion and fbme 
eledricity might poflibly be produced when the finger was 
applied in full contact to the plate itfelf. 

It is evident, that as the plates do not come fb near to each 
other in this, as they do in the other conftrudion^ the ele£tri« 
city of one of them cannot produce fo great a quantity of the 
contrary eledricity in the oppofite plate ; hence, in this con- 
firu^tion, it will be neceffary to continue the operation of 
doubling fomewhat longer; but this difad vantage is more than 
repaid by the certainty of avoiding any friflion. 

Having conftruded thofe plates, I thought that I might pro- 
ceed to perform the intended experiments without any further 
obftrufkion; but in this I found myfelf quite mistaken : for, 
on trying to multiply with thofe new plates, and when no 
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eleO:ricity had been previoufly communicated to any of them^ 
I founds that after doubliog ten, fifteen^ of at moft twenty^ 
timesy they became ib full of eleAricity. as to afford even 
fparks. All my endeavours to deprive them of eLe£bricity 
proved InefFeftuaL Neither expofing them, and efpectaliy the 
glafs (licks, to the flame of burning paper^ nor breathing upon 
them repeatedly^ nor leaving them untouched for feveraldaySt 
and even for a whole month, during which time the plates 
remained connected with the ground by means e£ good conn 
dudors, nor any other precaution I could think of, was found 
capable of depriving them of every vefiige of ele^tneity ; f^ that 
they nriight fhew none after doubling ten^ fifteeni or at moB^ 
twenty tinties. 

The eledricity produced by theoi/ wa$ not always of the 
fame fert ; for ibmetimes it was negative fo£ two or three d^ 
together ;: at other times it was po0tive for two or three da^> 
more; and often it champed, in every operation. This made me 
fufpedy that poflibly the beginning of that ekdridty^ was do 
rived froccK my body, and being communicated by the finger to 
the plate that was firfl touched^ was afterwards multipfied. Ia^ 
order ta clear this fufpicion^ I adually tried thoie plates at dif- 
lerent times^ vk. bc£ort and after having walked a great deal,, 
before and after dinner, &c« noting very accurately the quaiiiry. 
of the eledricity prodticed each time; but the e&Ss feemed to 
be quite unconne6led with the abovQp mentioned coucominant 
circumftances, which independence waa farther confirmed by 
obferving that the eledricity produced by the plates was of a 
#u£tuating nature^ even when, infiead of touching the pktes 
with the finger, they had been tovsched with ac^wke,^ which 
was . conneded with the ground,, and whack. I managed by 
means of au infolating handle; 
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At laft, aiter % great Tartety of experimeDtSv which it is 
tmneceffitry to ddcribct^ I became £uily coiwinced, that thofe 
plates did alvray^ retam a icnall: ipsantitf of eledricity, perhaps 
of that fort with which xkktf had been lad eledrified, and 
of which it was aloioft impoiZible to deprive rhem» The va^ 
rioQS quaii^ of the electricity produced was owing to tbis» 
vi%* that as one of tfaofe plaizs was pofieffed of a fmali quan* 
tity of poiitive etefiricity, and another was poiTeiTed of the 
negative eledridty^ that piafie which happened to be the mofl: 
powerful, occafioned a QMtrary eleftricity id the other plate, 
and finally produced aa accumulatbn of that particular fort of. 
ele&ricity. 

Thoie obiervatioQS evidently flieWi that na preciie refult 
can be obtained frtMn the ufe of thofe plates, and of courfe 
that, when coadrudibd accovdiiig to theorigii>al plan, they are 
flill moi^ equivocal, becaitfe tb^ admit of more fbnrces of > 
miftake* 

, As diofe platesi after doubling or multiplying only four or 
five times, flii^w no figns of eled:rfcity, noi\t having been» 
GDmmunicaeed to them before,.! imagined that they might: 
be ufeful fb £ar only, vi%. that when a fmall quantity of< 
eicAricity is ccmmimicated^ to any of them in the courfe ^ 
of fome experiment, one might inultiply it with fafety/ 
four or five times, which would even be of advantage in va«> 
noos cafes; biit in this^lfomyexpeSations^ were difappointed, , 
as will appear from the following pages. 

Having obferved, zSot many experiments, that, ceteris pari^ 
hus^ wiien I b^an to multiply from a certain plate, fi^r in« 
ftance A, the eledridty which refulted was generally pofitive ; , 
and when I began witb another plate B, vh. confidered this- 
plate E as ^e f»ilr jpltte, the refulting ^It&ncity was generally 

negative ; ; 
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negative; I communicated fome negative eledlricity to the 
plate A, with a view of deftroying its inherent pofitive elec- 
tricity. This plate A being now eleftrified negatively, but fo 
weakly asjuft to afFe£t an eledrometer, I began doubling; but 
after having doubled three or four times, I found, by the help 
of an eledrometer, that the communicated negative eleftricity 
in the plate was diminiflied inflead of being increafed ; fo that 
fometimes it vanifhed entirely, though by continuing the ope- 
ration it often began to increafe again, after a certain period. 
This (hews, that the quantity of cleftricity, which however 
fmall it may be, remains in a manner faftened to the plates, 
will help either to increafe or to diminifh the accumulation or 
multiplication of the communicated eleftricity, according as it 
happens to be of the fame, or of a different nature. 

After all the above-mentioned experiments made with thofe 
doubling or multiplying plates, we may come to the following 
conclufion, viz. that the invention is very ingenious, but their 
isfe is by ho means to be depended upon. It is to be wi0ied» 
that they may be improved, fo as to obviate the weighty ob- 
jections that have been mentioned in the preceding pages, the 
firfl defideratum being to conftru£t a fet of fuch plates as, when 
no electricity is communicated, they will produce none after 
having performed the operation of doubling for a certain num- 
ber of times. 

Upon the whole, the methods by which fmall quantities of 
electricity, may be afcertained with precifion are, as far as 1 
know, only three. If the abfolute quantity of eledtricity be 
fmall and pretty well condenfed, as that produced by a fmall 
tourmalin when heated, or by a hair when rubbed, the. only 
effectual method of manifefling its prefence, and afcertaining. 
its quality, is to communicate it immediately to a very delicate 
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clefirometer, vh. a very light one, that has no great extent of 
metallic or of other condu£ting fubftance; becaufe if the 
fmall quantity of eledlricity that is communicated to it be 
^ expanded throughout a proportionably great furface, its elafti- 
city, and of courfe its power of fcparating the corks of an 
clei^rometer, will be diminiflied in the fame proportion. 

The otlier cafe is, when one wants to afcertain the prclencc 
of a confiderable quantity of eleftricity, which is difperfed or 
expanded into a great fpace, and is little condenied, like the 
conftant eleftricity of the atmofphere in clear weather, or like 
the eledlricity which remains in a large Leyden phial after the 
firft or fecond difcharge. 

To effedl this, I ufe an apparatus, which in principle is 
nothing more than Mr. Volta's condenfer; but with certain 
alterations,, which render it lefs efficacious than in the origi- 
nal plan, but at the fame time render it much lefs fubjedl to 
equivocal refults^. I place two of the above defcribed tin plates 
i^pon a table, facing each other, as (hewn in fig. 3, and about 
one-eighth of an inch afunder. One of thofe plates, for in* 
ftance A,, is connefted with the floor by means of a wire, and 
the other plate B is made to communicate, by any convenient 
means, with tlie eleftricity that is required to be colledted. In 
this difpofuion the plate B, on account of the proximity of 
the other plate, will imbibe more eledlricity than if it flood far 
from it,- the plate. A in this cafe a£ling.like the femi-condudting 
plane of M. Volta's condenfer, though not with quite an 
equal effeft, becaufe the other plate B does not touch it ; but 
yet, for the very fame reafon, this method is incomparably 
lefs fubjeft to any equivocal refult. When the plates have 
remained in the faid fituation for the time* that may be judged, 
ncceffary, the communication between the plate B, and the 
^. condudting 
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conducing fubftance which conveyed the eleftricity to It^ muft 
be difcpntinued by means of a glafs ftick, or other infulatitig 
body ; then the plate A is removed, and the plate B is pre- 
fented to an electrometer, in order to afcertain the quality of • 
the eledlricity; but if the eleftrometer be not afFeiled by it, 
then the plate B is brought with its edge into contact with 
another very fmail plate, which ftands upon a femi- conducing 
plane, after the manner of M. Volta's condenferf ; which 
•done, the fmall plate, being held by its infulating handle, is 
removed from the inferior plane, and is prefented to the elec- 
trometer : and it frequently happens, that the fmall plate will 
.afFed the electrometer very fenfibly, and quite fufficient for 
the pucppfe ; whereas the large plate itfelf (hewed no clear 
lignsof eleiStricity. 

If it be afked, why I ufe the femi-condudting plane for this 
fmall plate, and not for the large one ? the anfwer is, firft, be^ 
caufe the large femi- conducing plane is incomparably more 
difficult to be procured than the fmall one ; and, fecondly, 
becaufe the fmall plane may be ealily deprived of any acci- 
dental eleSricity which may adhere to it ; but the large one is 
more difficultly rendered fit for the purpofe, especially as the 
large plate ought in general to remain upon it a much longer 
time than the fmall plate is to remain upon its femi^ conducting 
:plane. 

The third and laft cafe is when the electricity to be afcer- 
tained is neither very confiderable in quantity, nor much con* 
denfed ; fuch is the ele6tricity of the hair of certain animals, 
of the furface of chocolate when cooling, &c. In this cafe 
the beft method is to apply a metal plate, furaifhed with an 

# This fmall pbte is nearly of the &2e of a fbilling, aod the fcnai-conduding 
4>lane is of Wood covered with copal varnifh. 
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infuladng handle, like an eledlropborus plate, to the eleftrified 
body, and to touch this plate with a finger for a ihort time 
whild: ftanding in that (ituation ; which done, the plate is re« 
moved, and is brought near an ele£trometer ; or its eledricity 
may be communicated to the plate of a fmall condenfer, as 
direded in the preceding cafe, which will render the eledricity 
more confpicuous. It is evident, that in this cafe the metal 
plate will acquire the eledbricity contrary to that of the fub- 
ftance in queftion ; but this anfwers the fame purpofe : for if 
the jeledrlcity of the plate be found to be pofitive, one muft 
conclude, that the eleftricity of the body in queftion is nega- 
tive, and contrariwife. In tliis operation, care muft be had 
not to put the metal plate too near, or in full contadl with the 
fubftance to be examined, left the fridion, likely to happen 
between the plate and the body, ihould produce fome ele£tri- 
city, the origin of which might be attributed to other caufes. 

Having thus far defcribed the fureft methods of afcertaining 
the prefence and quality of eledkricity, when its quantity or 
degree of condenfation is fmall, I (hall now beg leave to add 
ibme farther remarks on the fubjed of electricity in general, 
and which have been principally fuggefted by what has been 
mentioned in the preceding pages. 

On the hypothefis of a fingle ele&ric fluid, it is faid, that 
every fubftance in nature, when not eledlrified, contains iti 
proper (hare of electric fluid, which is proportionate to its bulk, 
or to fome other of its properties ; and it is generally believed, 
that this equal or proportionate diftribution of electric fluid 
takes place with the greateft part of natural bodies. However, 
the fad is far from being fo ; and I may venture to affert that, 
ftriaiy fpeaking, every fubftance . is always eleftrified, vi%. 
that every fubftance, and even the various parts of the fame 
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body, contain at all times more or.lefs eledric fluid than that 
quantity of it which it ought to contain, in order to be in aa 
eleftrical equilibrium with the bodies that furround it. 

At firft fight it may be thought quite immaterial to know, 
whether the eledric fluid is difperfed in the juft proportion among 
the various fubilances which are not looked upon as ele^lri* 
fied, or whether it deviates in a fmall degree from that propor* 
tionate diftribution ; but it will hereafter appear, that one of 
thofe aflertions will lead us to the explanation of an interefling 
phasnomenon in eledricity, whereas the other does not admit 
of it; befides, what is called fmall difference of the propor- 
tionate diftribution, infomuch as it does not zStd: our inftru* 
ments, may be fufiicient for feveral operations of nature^ whicb 
it is our intereft to inveftigate. 

If we inquire what phsenomena evince this altered diftribu*-^ 
lion, or the actually eleftrified ftate of all bodies, the pre- 
ceding obfervations will furnifli fome very unequivocal ones i 
efpecially that of the doubling plates made after my plan^ 
which ihewed to be eleftrified even after having remained un-- 
touched for a whole month, during which time they had 
been in communication with the ground ; for if each, of them 
had contained an equal (hare of eledtric fluid, the ele^ic 
atmofphere of one of them cou'ld not poflibly occaiion a con- 
trary eleftricity in. the other, and confequently no accumula^^ 
tion of that power could have happened. 

A great number of inftances are related in* books on the 
fubjed of electricity, and in the Philofbphical TranfaCtions,. 
of pieces of glafs, of fulphur, of fealtng-wax, &c. having 
remained electrified fo far as to afieft an. ele^ometer fbt 
months after they had been excited, or even touched; but thr 
following experiment will fhew, in a clearer manner^ the great 
5 lengthc 
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length of time that a quantity of eleftricity will remain vpoa 
a body. 

Having conftrufked a gold-leaf electrometer in the niceft 
manner I could, and which, on account of the non-condu6ling 
nature and conftrudlion of its upper part, could remain fenfibly 
electrified for feveral hours together, I communicated fome 
electricity to it, which caufed the flips of gold-leaf to diverge 
with a certain angle ; and as the eleCtricity was gradually difli- 
pated, the divergency diminifhed in the fame proportion. 
Now, whilfl: this diminution of divergency was going on, I 
looked through a fmall telefcope, and by means of a micro- 
meter meafured the chords of the angles of divergency, fet- 
ting down the time elapfed between each pair of contiguous 
obfervations ; and as the chord of the angle of divarication is 
in the direA (imple proportion of the denfity of the eleftric 
fluid *, I could by this means know how much eleCtric fluid 
was lofl: by the electrometer in a certain time, and of coiirfe 
what portion of the eleftricity firft communicated to the elec- 
trometer flill remained in it. Let us make the chord of the 
angle of divaricatioh on firft eleCtrifying the eleCtrometer, or 
rather when firft obferved, equal to 1 6 ; or let us conceive that 
quantity of eleCtficity to bedivifible into i6 equal parts. 

I obferred, that when the chord of the angle became equal 
to Vt^t, the time elapied between this and the firft obfervation 
was <Hie minute; when the chord became equal to four, the 
ttme'clapied between this point and the preceeding obfervatie>n 
VM 3^ 50''; when the chord became equal to two, the 
time elapied fince the preceding obfervatiou was 17^; and 
when the chord became equal to one, the time elapfed fince the 

• This propofitioQ ^as firff afcertained by P. Beccariju Sec Philofphical 
Tran&aioHs Vol. LVL 
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preceding obfervation was one hour and a quarter ; after which 

the ele£trometer remained fenfibly ele£trified for a long time. 

In repeating this experiment, the times elapfed between the 
correfponding obfervations did not follow {lri£tly the fame pro* 
portion of increafe^ nor did they increafe regularly in the fame 
experiments, which may be attributed in great meafure to the 
inaccuracy in obferving, and to the flu£):uating flate of the air ; 
but it could be fafely inferred from all the experiments^ that 
the times required for the difperfion of the eledricity were at 
leaft greater than the inverfe duplicate proportion of the den- 
iities of the electricity remaining in the electrometer. And if 
we imagine, that they continue to dimiuifli in the fame propor- 
tion of increa(ing time, which is far from being an extrava* 
gant fuppofition, we (hall find, by a very eafy calculation, 
that about two years after the eledrometer would fiill retain the 
hundredth part of the eleClricity communicated to it in the 
beginning of the experiment; and as we do not know how 
'far a quantity of electricity is divifible^ or to what extent it 
maybe expanded, we may conclude with faying that, ftridly 
ipeaking, the eleCtrometer would remain eleCtrified for many 
years. 

It may be inferred froni this, as well as from many other 
experiments, that the air, or in general any fubftance, is a 
more or lefs perfed condudor of eleCtricity, according as the 
electricity which is to pafs through it is more or lefs condenfed ; 
fo that if a given quantity of eleCtric fluid be communicated 
to a fmall brafs ball, one may take it away by iimply touching 
the ball with a finger; but if the fame quantity of eleCtrlc 
fluid be communicated to a furface of about loo or looo 
fquare feet, the touching with the finger will hardly take away 
any part of it. 

7 If 
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If it be aflced, what power communicates th« eleftricity, or 
originally difturbs the equilibrium of the natural quantity of 
eledtric fluid in the various bodies of the univerfe ; we may 
anfwer, that the fiuduating eledric ftate of the air, the paflage 
of eledrified clouds^ the evaporation and condenfation of fluids, 
and the fridion arifing from divers caufes, are perpetually aft- 
ing upon the eledric fluid of all bodies, fo as either to increafe 
or diminilh it, and that to a more conflderable degree than is 
generally imagined. 

1 (hall laftly conclude, with briefly propofing an explanation 
of the produftLon of electricity by frL£tion, which is depen* 
dent upon the above dated propofition, viz. that bodies are 
always eleftrified in Tome degree ; and likewife upon the well 
known principle of the capacity of bodies for holding eledric 
fluid being increafed by the proximity of other bodies in certain 
prcumftances. 

It feems to me, that the cylinder of an eleftrical machine^, 
like ABC in fig. 4. mufl: always retain fome eledricity of the 
pofitive kind, though not equally denfe in every part of it& 
furfice ; therefore, when the part of it A is fet contiguous ta 
the rubber/^, it mufl: induce a negative ekftricity in the 
rubber. Now, when by turning the cylinder, another part 
of it B (which fuppofe to have a lefs quantity of pofitive 
eleftricity than the preceding part A) comes quickly againft 
the rubber ; the rubber being already negative, and not being 
capable of lofing that ele^ricity very quickly, mufl: induce a 
ftronger pofitive electricity in the part B, which is now oppo^ 
fite to it ; but this part B cannot become more pofitively elec* 
trified, unlefs it receives the electric fluid from ibme. other 
body, and therefore fome quantity of eleCtric fluid pafles from: 
theloweft part of the rubber to the part B of the glafs, which 
.additional quantity of ele£tric fluid is retained by the part B 

only 
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only wliilft It remains in contaft with the rubber; for after 
that, its capacity being diminifhed, the ele£lric fluid endea- 
vours to efcape from it. Thus we may conceive how every 
other part of the glafs acquires the eleftric fluid, &c. and 
what is faid of the cylinder of an eleflrical machine may, 
with proper changes, be applied to any other electric and its 
rubber. 

It appears, therefore, that according to this theory, a part 
of the rubber, viz. that which the furface of the glafs cylinder 
enters in turning round, muift ferve to furnifli the eleftric fluid 
to the glafs, and the upper part mufl: be poilefled of a negative 
ele^ricity capable of inducing a pofitive eleftricity in the glafs 
contiguous to it. In faft, this feems to be confirmed by the 
general pradice and experience; for that rubber anfwers beft 
for an ufual eled:rical machine, which can eafily condu<9: the 
eledric fluid with its under part, and the upper part of which 
is more ready to acquire, and to retain, the negative eleftricity ; 
hence the rubbers are generally furniflied with amalgam below, 
and with a piece of filk above; hence alfo, if the cylinder 
of the machine be turned the contrary way, it will produce 
little or no eledkriclty. 

It often happens, that the part which cohdu£ts the fluid, 
anil that which acquires the ele^ricity Contrary to that of the 
cXeOixxc^ are not fb difpofed in a rubber as the one above de- 
fcribed ; but it remains always true, that thb rubber muft be 
poflefled of thofe two properties, v/a. to conduA the eleftric 
fluid very readily in one or more parts, and to acquire, as well 
as retain, on other parts^ an eledricity contrary to that ac« 
quired by the eletStric that is to be rubbed with it 

Little St. Martin^s-Lanc, 

N«r. 7, J 787. T. CAVALLO. 
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IL TAe Crconian LeSiun on Mufcular Matiom^ 
By George Fordyce^ M. D. F. R. S. 

Read November 2z, 178 /^r 

^■^HE fnbjeft of mufcular motion has been fo often con- 
: fidered, and in fo many lights, that it is hardly poilible 
to avoid many obfervations which are trite, and even puerile ;; 
which, when they occur, I beg the learned Society to forgive. 
They wilt alfo find fo little new, or even nothing, that I 
ihould be inexcufable in taking up their time, if the fubjeA was* 
not annually to be difcufied before them» In confidering muf^ 
eular motion, I muft begin with fome obfervations on motiont 
in general, and with that well known, and feifevident axiom, 
that one particle of matter, eonfidered by itfelf, will remain* 
at reft if it be at reft, and will continue in motion if it be ia 
motion, and in the fame direction. This has been called the 
vis infita^ or vis inert i^e^ of matter. It may be iaid in other words^ 
that a fingle particle of matter being at reft* would therefore 
always continue at reft, if it were not for fome external im» 
pulfe made on it.- This impulfe may be from fome other par« 
tide of matter in motion impinging upon it, and communi- 
cating part of its motion to it, while it communicates an equal- 
quantity of its reft to the matter fo impinging upon it, fo that 
the quantity of motion and reft (hall be the fame after the 
impinging, in both bodies, as they were before : or, in other 
wocdSi^ a iimple particle of matter in motion would always> 

continue^ 
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continue in motion, in the fame diredlion, if it did not meet 
with another, on which it impinged ; and after the impinging, 
there would be the fame quantity of motion and reft in both 
^bodies taken together, as was before. If we coniider equal 
motion, in direft contrary direftion, as reft ; motion, or reft, 
produced in a body by the above means, I (hall call commu- 
Plicated. 

If two fimple particles of matter, of any fpecies, not far- 
ther diftant from one another than the fun is from the earth, 
were both at perfect reft, thefe two particles would inftantly 
begin to move toward one another, if no other particle of 
matter whatever exifted. 

I do not mean to tire my learned Audience with demonftra* 
tlon of proportions fb well known. 

There would, therefore, be an impulfe, producing motion 
between thefe bodies, without any contadt. 

Motions produced in this way, I call original motions. 

The firft coniideration with regard to any particular motion 
is, therefore, whether it be an original or communicated mo- 
tion. If it be an original motion, it will follow the laws of 
that particular fpecies of original motion ; if it be a communi- 
cated motion, it will follow the laws of communicated motion. 

Many obfervations (hew, that mufcular motion is not a 
tsommunicated motion, and therefore an original one. 

In any fjrftem of bodies, or particles of matter, afFeftiug 
t)ne another only by the motions already exifting in them 
being communicated to one another, they may dimini(h their 
motion, or bring one another to reft ; but they never can in- 
i:reafe the motion exifting in the whole. It happens frequently, 
that the motions in the animal body are increafed, without any 
alteration of external applications to it ; the cafes are fo nume- 
rous, that it is hardly worth bringing an example : we might 
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fiiention the increaft at times of the circulation, and all the 
motioAd of the fluids without the leaft new motion in the fur^ 
rounding bodies, or interference, or even knowledge of the 
mind. This motion muft therefore be original, ^nd not comr 
mutiicated. 

In communicated motion, if one body be at reft, and a mo-» 
tion be communicated to it by another, the power of the whole 
motion (ball not be greater than that in the communicating 
body at the time of the communication. If I take out the 
heart of an animal, cut off the auricles, it will in many cafes 
continue to contract and dilate for fbme time. If it be left to 
come to reft, and if fbon after a needle be introduced into the 
▼entricle, jJacedtranfverfcly, and if the interior furface of the 
ventricle be pricked gently by the needle, the ventricle will 
contract with fuch power as to force the needle deep into : it : 
in this cafe, the force of the contradion of the ventricle t9 
much greater than the power with which it was pricked by 
the needle $ this coatradioix was therefore not. ^omnjunicated 
to it by the nMving needle, but ivas generate^, and therefoyre 
an original motion. 

In all communicated motion, by which two bodies at a dif« 
tance are brought near to one another, them o^uft fubfift fome 
other matter, by which they may jbe drawn, or forced, nearer 
to one another ; but in original. motion, it is jbqC at all necellary 
that any other matter Ihould exift at all. Twb particles, 
placed at as great a diftance from one another as the fun is fvo^ ^ 
the earth, as has been already obferved,f^akhough at p^tfe^ 
reft, would begin to move nearer one another, by the attral9:i^ 
of gravitation, if all other matter whatever were annihilated*. 

Moft authors who have treated^ on mufculstr nootion h^)fe 
fuppoied, that it was a communicated motion ;] mA that '^%\W§ 
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produced by fbmething paffing by the nerves, from the brain to 
the moving part. Three do£b:mes have been fet forth { one, 
that there is a fluid pafling along the nerves ; a fecond, that 
there is a vibration ; and a third, that the nerves arq furroijnded 
with fomething like eleftric matter, in which motion runs 
from the brain ta the moving parts% Thofe who have confi- 
dered this fubjed: muA be tired of the arguments which havb 
been brought to refute each of thefe ; for no argument from 
faft has been employed to prove any one of them : I (hall 
therefore leave them as * mere chimeras of the brain. I 
have taken notice, that it is not requifite for any motidn to 
pafs betweien two bodies, exciting in each other an ori^nal 
motion, through or by any other matter : I have alfo ihewn, 
that mufculai: motion is an original motion ; it follows, that it 
is not neceffary for any motion, or communication, to pafs 
through any other matter, in order to bricig the mufcular fibres 
into a£tion. , 

One cafe of mufcular motion is,, when a idimulus is applied 
to fome part of the body, and. a mufcle at a diftance imcne-* 
diately contra£ls. It has been fuppofed in this cafe, that fbme 
influenfce wad communicated to the nerve of the part where the 
i^imulus was applied, and through it to the brain, and from 
the brain - through the nerves of the contrafling mufcle* 
Granting, for a little, that £)me motion may: pafs along the 
nerves, anfd'^therefoie that the end of the nerve, where the 
application was made, may be the part in which the original 
motion began, the ftimukis freqtiently does, not touch the end 
of the hcrve ; tor if vapour of volatile alkali be applied to the 
noftrils, an univerfal glow of heat, and increafed circulation, 
will conflantly take place ; but the vapour of the volatile alkali 
tottld not touch the nerves of the noftrils, the membrane 
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being oonftantly covered with muctis, which the vapour could 
not penetrate without diiiblvmg it, which it had not time to* 
do, and, if it had, would have united with it, ib as to form a 
ibap, void of any Aimulating power. 

If, therefore, the original motion began in the end of the 
nerves of the noftril, it muft be excited by a fubftance at a 
diftance from the end of that nerve, without any communica- 
tion of motion between the ftimulus, that is, application* pro- 
ducing the motion, and the end of the nerve in which it is 
excited; therefore, on any fuppofition, a flimulus is capable 
of exciting a motion, in a part at a diftance, without any 
communication of motion ; and it is therefore not necefiary, 
that the nerves (hould be at all employed in the motions of the 
body excited by a ftimulus, as it can a£l at a diftance without 
their intervening. Further, that the nerves are not employed in 
the motions excited by ftimuli, is evident from this experiment : 
tdce the heart out of a living aniolal, cut all the nerves ofFas dole 
as poflibk, lay it in nearly the beat of the body of the animal, 
it will continue to contrad for fome time. As feon as it has 
ceafed contrading, prick a fibre in one of die ventricles ; both 
ventricles^ and all their fibres, will contraA ihftantly, although 
there be now no communication by the nerves, between many 
of the contra£ting fibres, and the fibr« ftimulated. It might 
be fufpeded, that the motion of the fibre ftimulated might 
af&£t the others: in this cafe the contraAicMis would be pro- 
grefliv'e ; but, on the contrary, the whole contra^ at once. 

I cannot help bringing another inftance, wl^ere ftimuli 
produce a£lion in parts at a diftance, without any communica- 
tion of motion by the nerves* When infufion of cantharides 
is applied to the ikin, as we fay vulgarly, it is not applied im- 
mediately to the IHin ; but in the firft inftance to the mucous^ 
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and fcbaceous matter, which every where covers the fcarf 
(kin ; under this lie^ tli^ fcarf fkiUj whkh the infufion caa 
hardly be conceived to 'come at; if it did, the fcarf ikin we 
know is perfedlly impenetrable to fuch a fluid ; it can there* 
fore never toudh the (kin, in which it excites inflammation, 
and on which it therefore a£ls at a diftance, and excites mo« 
tion, which ntf'one can ftifpe£t to come ' throcigh the nerves : 
nor is there any motion through the mucus and fcarf flcin, of 
any other kind than would arife if an infuficm of any other 
infe6l had been applied, which had no power of exciting 
inflammation. 

From what has been faid we may conclude, that wh^ a 
flimulus has been applied fo as to excite motion in adidant 
part, no motion whatever takes place in the nerves, or is conif* 
municated by them from the part to which the ftimulus i^ 
applied to the moving part. 

I need not draw your attention, to another propofition, vfe» 
that when a fttmulus is aipplied to a diAant part, fo as to pio- 
duce motion, it often happens, that the liif^ulating matter id* 
not carried by the blood-veflels, or dtherwife, to the moving 
part. This prop6lition • has often been demonftratod, andia-^ 
well known. 

All the original power exerted by any of the moving parta 
confifts in a power of particles coming nearer-oneanother ; for 
every mufcle or fibre becomes fliorter when it ads; or, iti* 
other words, con trads; and every other moving part in like 
manner cohtradls^ when in adion. It. is true, that ^ere are 
many contrivances to make^the contradion have great eifed in 
producmg motion, force' heing never fpared^r-convcniency^ 
as my friend Mr. Hunter has, I believe, already fet- forth to 
my learned audience : but, neverthelefs, it is dear fcom^ery 
3 experiment: 
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experiment made on the fubjc^» that all niotian arifes from 
particles commg near one another in fome dire£lion. It would 
be fuperfluous for me to point out thefe experiments ; I (htiU 
mention one only, and an obvious one. Lay bare a mufcle» 
and prick any of its fibres^ it immediately becomes (horten 

The original power of coming nearer to one another of two 
or more particles of matter, has been called attraction* There 
have been feveral original powers of coming nearer one ano- 
ther of particles of matter^ which have been Qonfi^ered as dif- 
fisrent actradiona, iuch as the attra£li<m of gravitation, of 
magnetifm^ of eledricityt &c. ; all of which this Society are 
too much mafters offt for me to enter into any difq^ilition 
with regard to them. 

The attradion which is my prefent objed, I call the attrac* 
tioa of life.. This attradkion is either ot two fpecies, oris 
exerted varioufly ; for all tfaf moving parts have their particles 
nearer one another in the living' than in the 4ead body* .The 
pioof of this is as naceiTary as it is obvious. I muft^ there- 
fore, take up a {mail poftion of your time in pointing it^ out. 
Take the body of aay aniaial, when t^e life is entirely gcnie 
&om it, and the effeds qf it are entirely loft^ but before any 
putrefa£tion^ or any change in its chemical qualities, has taken 
place ; and lay base» and difle£l:'out, any mulcl^y efpeci^lly one 
which has 'long fibres, and ooiniddle tendon, fuch as tho farfo* 
riuSy for example, and afterwards lay it io its pjLace, leaving it of 
the length it naturally takes; it will reach farther than from 
its ori^n .to its infection; bnt lay bare, and difleA out, the 
isinfte mufde in the. living, body, and it will always be ihorter 
than from its origin totts inlertion. If it ihould be faid, that the 
difiedlion Simulated the mufcle» and brought it into a<^ion,. 
kt.koptrbtdifiededimt,,. but its tendon cut through, as the. 
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Tendo AchilHs^ for inftance, the iame thing will happen* 
And we now are all cotivmced, from various experiments, that a 
tendon in a found ftate is not capable of being Simulated by 
being wounded, cut through, or broken. 

I apprehend, then, that we may conclude, that all the 
moving parts are conftantly contraded, that is, their particles 
are nearer one another when the body is alive, than when dead, 
and totally left to their elafticity. This fpecies of a£bioQ I call 
the tone. The iecond fpecies, or variety, which occurs in the 
attraction of life, is when a moving part, for a (hort time, has 
its particles brought nearer one another than they are from their 
tone, and which very rarely continues for many lecondsof 
time without intermediate relaxation. I call it their a£kion ; 
>when it does continue for a longer time, it is cialled ipafm ; 
which, however, is fo vague a term, that I could wifh totally 
to reje£l it, at leaft to confine it only to this fenfe^ vh. a greater 
contraction, or coming nearer one another of the particles, of a 
moving part, than that which would happen from their tone^ 
remaining without any intermediate relaxation. 

I for the prefent do not mean to fay any thing farther with 
regard to the tone, or fpafm of parts ; but only to call to your 
coniideration the adlion, as excited by applications to fome 
part of the body at a diftance from the moving part. I have 
already rejected all communication by the application, or ili^ 
-mulus, being carried by the blood-vellels, qr any other way 
whatever, to the part. I have alfb reje<^d any motion, or 
communication of any kind whatever by the brain. and nerves 
to the part. I conceive, that when any flimulus or applicatioxi 
whatever is made in any part, fo as to produce any a&ion la 
a diftant part, that that medicine or application, without hav- 
ing any operation whatever 4>n the Intermediate parts, gives a 
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power to the particles of the moving part of greater attraAion, 
I (hail iiluftrate this idea by fuppofing^ that there is a machine 
moving by various powers, either original or communicated ; 
and that in this machine there are two magnets, which by 
their attractive power have come to a given diftance from one 
another, but have been prevented from coming nearer by fome 
power endeavouring to draw them back. A much flronger 
magnet applied to a part of the machine, in a certain manner, 
fo as not to touch either of the two already there, nor to afFedt 
any other part, may. increafe rtbeir power of attradlion, {o as 
to make them overcome the refinance, and come nearer one 
another*.^ 

In the fame manner, I apprehend, that an application made 
to the fkia of the abdomen may, and often does, occafion the 
aAion of the intellines to take place, without any efFe<^ what- 
ever on the intermediate p^arts ;. but that it fimply excites the 
attraction of the particles of the moving, parts of the in- 
tcftines ; certainly a part of the matter through which the in- 
fluence is to pafs, wz, the mucus and fcarf ikin, is adually 
inanimate matter. 

Ill certain cafes of original motion^ there is attraction, or 
the coming nearer of. particles only. In others, there is not 
only attraftioD, but oppoiite repullion ; the cafes of which are 
unneceflary to enumerate to this Society. In the attraction of 
life there is no oppofitc repulfion ; all the motions of the body 
are produced entirely by the force of particles coming nearer 
one another. When this force diminifhes, or the aCtion goes ' 
off, and leaves the part entirely to its tone, the particles of the 
moving part are by no means repulfed from one another, but 

* I do not mean to in&nuate, in the fmalleil degree^ -that the pQ\\'«rs of the • 
body at Idl depend on, or hate any thing to do with, magnctiihfi. 
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arc left to be drawii afunder by their clafticitj, weight, or thi 
weight of the furrounding parts, or any other accidental 
power: but, neverthelefs, there are applications which may 
be made to diftant parts of the body, which may, and do, 
take ofF the attradlion which occafions the a6lion of the mov* 
ing part ; and all thofe rcafonings which I have already applied 
to applications which excite adion, and which are called fti- 
mull, are equally applicable ro thofe appUcatiohs which make 
a6lion'ceafe, and which we call fedatives. 

The great grpuiid on which I have attempted to make thefe 
obfervations, is the foundation of Certain maxims in the prac«- 
tice of medecine, which I (hall now proceed to (ketch out to 
the Society, whofe inftitution, to me, has always Teemed to 
include the phllofophy, but not the afl:ual praftice, of medi^ 
cine. 

Medicine is a :fcience of long cultivation in that chan^ 
nel in which all the fciences have flowed, and had earlj 
attained great perfeft ion, I believe, from the teftimony of 
various writers of antiquity, and other circumftances, which 
I pafs over as well known to many of this learned body, 
and too foreign a digrefiion from our prefent fubjeft: for 
although Celsus obferves well, that there could be no 
phyficians among the Greeks at the time oF the Trojah 
war, inafmuch as Homer never mentions one medicine, but 
only application to the Gods for the cure of fevers, and other 
internal difeafes ; yet the Egyptians, from whom the Greeks 
received a great part of their knowledge in all fcience, as well 
as in medicine, had certainly liot only regular phyfician* 
for internal difeafes, biit likewife (lone-cutters, ocultfts, au« 
rids, &c. long before the Trojan war; and Hippocrates, 
by his . own teftimony, took much of his knowledge from 
what he calls the ancients. In the progrefs, therefore, of the 
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icience of medicine, it came into my mind to enquire how far, 
and on what ground, the modern increafe of fcience in ana- 
tomy, chemiftry, mathematics, &c. had forwarded the know- 
ledge of medicine. In the firft place, it is well known to my 
learned Audience, that medicine was in the hands of Greek 
phyficians from the time of Hippocrates, or rather from the 
de{lru£tion of the Egyptian monarchy by Cambyses, down 
to the time of the Crufades ; in all this time there was hardly 
a difle£lion of the human body, from an opinion about manes ; 
but when it came into Europe again, where this opinion re- 
mained indeed, but in a much lefs degree, anatomy began 
again to flourifh ; and by other means all the other fciences 
fhone forth with a greater luftre than they had ever done in 
any period handed down tp us by hiflory of any nation. It was 
obvious therefore to conceive, that the knowledge of the 
ilrufture of the body, and the inveftigation of the powers of. 
matter, made in a more accurate manner, and on a more ex- 
tenfive fcale, would elucidate the do£lrine of the human body, 
and its difeafes, and their treatment, in a new and more per- 
fect manner : to this opinion I mean now to apply the reafon- 
ing I have before laid down. 

In the ftruftufe and phyfiology of the body, two great dif- 
coveries have been made by the moderns ; the circulation of 
the blood ; and the lymphatics, and abforption of the lymph. 
Thefe at once overthrow the ideas of the ancients with regard 
to mofl of the fundions of the interior parts of the body ; 
which was now conceived by many to be an hydraulic ma- 
chine, and fubjeft to all thofe diforders which were incidental 
to fuch a machine ; and particularly, from various fluids flow- 
ing with great rapidity, through tubes, many of them of 
infinite finenefs, that ftpppages muft often take place, which 
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were to be removed by diffolving out the obftruAing matter; 
that the blood was mixed fo perfe<aiy through all the body, 
and fo conftantly, that the fame blood muft be taken away, 
whatever blood-veflel was opened ; and when we contemplate 
the numerous openings and communications of the veflels 
with one another, that blood flowing out of any one will 
empty them all equally, and that, therefore, it can be of no 
confcquence from what part of the body blood is evacuated. 
In a pleurily, for inftance, where can be the diSirencc, whe- 
ther blood be taken from the right or left arm^ or from the 
veflels of the Ikin of the brcaft ? But there is a difference, and a 
great one too ; (ince taking a mwch iefs quantity of blood from 
the Ikin of the breaft, is aftually known, in certain cafes, from 
experience, to cure a pleurify, than would have had ^at effefl: 
if taken from the veflels in the arm, and will even carry off 
thedifeafe, when it could not be carried offatallbytevacuatiQii 
from the arm : yet it is undoubtedly the very fameibloodiuall 
its qualities ; and in both cafes the veflels of the pleura are 
equally emptied. The aft of flowing out of the blood from 
the veflels of the flcin of the breaft then has .an immediate 
adlion on the aftion of the moving parts in the pleura, and car- 
ries off the inflammation independent of the circulation, or 
any of its laws ; and fo far has the knowledge of the jctrcula- 
tion been of any advantage in this cafe, that it .had nearly 
thrown out topical bleeding in iilflammation, which is oae of 
our moft powerful remedies in the difeafe. In like mantier^ 
when the moving fibres of the ftomach do not contcaft, fa as 
to expel any vapour that may get into it, a fpice applied to the 
fkin over the ftomach will, in many cafes, occafion thcfe 
fibres to contra£l. Now it is well known from anatomy, that 
there is no communication between the ikin of the abdomen 
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and the ftomach ; and if the fpice were to a<9: by touching 
thefe fibres, it would be the fame, whether it was applied to 
the flcin over the ftomach, or to the ikin of the arm ; for in 
both cafes it muft be abforbed by the lymphatics, and carried 
to the left fide of the heart, and there and in the lungs be 
blended univerfally with the whole blood, and carried by the 
arteries to the moving fibres of the ftomach. Nay more, that 
it would be equal, whether it was applied to the inner furface 
of the ftomach itfelf, or to the external flcin, or any other 
membrane, of any other cavity : for the ftomach is covered 
with mucus, and lined with a membrane which is perfeftly 
impervious, and totally prevents any thing contained in. the 
ftomach from being any way applied to the moving fibres ; it 
muft in this cafe, therefore, be llkewife taken up by the 
lymphatics, or ladleals, and carried to the heart before it 
could touch the moving fibres of the ftomach. The maxim . 
then, arifing from our knowledge of the lymphatics, would 
be, that it was of no confequence where we applied a fpice in 
cafes of flatulency ; which is not true. .By fimilar reafons it 
might be eafily (hewn, w^ere it not for tiring my learned 
Audience, that all the knowledge of riie properties of the 
fluids, which has been acquired by modern and accurate expe- 
riments, hardly contributes any . thing to the knowledge of 
applying medicines for the cure of difcafes ; And that the ftudy 
of the laws of the attraction of life, or what has been called 
mufcular motion, is of confiderable importance. 

One more obfervation I have only to make, wz. that all 
original motions are by their nature perfectly unintelligible as 
to their caufe; who can tell the caufe of gravity, chemical 
attraftion, &c. ? and fo undoubtedly the attradion of life, in 
its caufe can never be inveftigated, being, like all other attrac- 
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tion, a power which two or more particles of matter have of 
coming nearer one another. But although the ftudy of caufes 
of original powers be totally abfurd and futile, yet the laws of 
their adlion arc capable of inveftigation by experiment, and 
applicable to the evolving much ufeful knowledge. Need I 
remind this Society, that the inveftigation of the laws of gra- 
vitation, by Sir Isaac Newton, has rendered it immortal ? 
The inveftigation of the laws of the attraftion, of life has alfo 
been greatly forwarded by one of its prefent members ; but it 
is an inveftigation which will probably require ages to render 
perfeft. 
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IIL An Account of a Mafs of native Iron^ found in South- Ameriar. 
By Don Michael Rubin de Cclis. Communicated by. Sir 
Jofeph Banks, Bart. P. R. S. 

Read November 22, 1787. 

Memoria que remite a la R. Sociedad de Londrcs p. Miguel 
Rubin de Celis, Cavellero del Orden de Santiago, Tcniente 
de Fragata de la R. Armada de S. M. C. Acadetnico cor- 
refpoiidiente de la R. Academia de Marina de Francia, y de 
la R. de la Hlftoria de Efpana. 

HAZE mas de treinta alios que en las provincias del gran 
Chaco Gualamba, de adonde varias Naciones barbaras 
arrojaron a los Efpanoles^ y defde cuio tiempo efta quafi defierta 
la parte meridional del Rio Bermejo, y occidental del gran 
Parana, los pocos Indios que fe hallan en la jurifdicion de San- 
tiago del Eftero, teniendo por unico exercicio el facar Miel y 
Cera de los montes, de la que hay una cantidad' prodigiofa ea 
los arboles, defcubrieron en el medio de un campo un trozo* 
de metal que llamaron fierro puro, y que fobrefalia de la tierra 
por una banda cofa de un pie, y fe veia quafi toda fu cara 
fuperior: anunciofe a los Virreyes del Peru, como un defcubri- 
xniento raro, y con razon al parezer, pues donde no jiay mon- 
taEas, ni la mas pequeiia piedra en clen leguas al rededor, una 
cofa femejante merezia el nombre de maravillofa, fin embargo 
de conftar haber en Europa minas de fierro puro. Hubo parti- 
culares que con riefgo eminente de fus vidas, ya por la cfcafez 
de aguas, que no hay fino la que en tal qual cavidad natural fe 
recoje de las Uubias, ya por la cfcazez de viveres, ya por el 
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riefgo de los Indios barbaros, ya por los varios animales ferozes, 
como Tigres, Leopardos y Antas, ya por los muchos reptiles 
ponzonofosy ya enfin por las iixfinitas efpefuras, fe arrc>jarons 
quiza feducidos de Ta codicia, a hazer la trabefia para extraher 
algo de la materia : remitieron de ella & Lima y Madrid, donde 
no fe adelanto otra cofa que ponerla el nombre de fierro mui 
dulze y mui puro. Cdmo que el fierro, por razoii politica, no fe 
trabaja en aquel continente, aunque de el hay muchas mitiaSy 
y como que fe afeguraba que la veta del fierro corria muchaS 
leguas, fiendo afi que lo vifto folo era un crefton fobrefaliehte 
^ la tierra, y que defpues de efcavado tenia Xres varas deN. aS- 
dos y media de E. al O. y una terzia de alto, me deftino el 
Virrey del Rio de la Plata a que examinafe prolijamente la dicha 
mafa,y en el cafo de fer mina, y util, proye£tafefobrePbblation. 
Sail con competente efcolta, a principios de fel)rero de ochenta y 
tres, del Rio Salado, antigua reducdon de los fndios Vtlfelas, 
figuiendo el Rumbo de E. J N.E. blen que debi legulr el del 
E. \ S.E. todo corregido. 

El afpedo del pais que media entre el Rio y la Mina, tliftante 
fetenta leguas de laReduccion, es mui ciiriofa; una Uanura im- 
menfa, alternada de montes efpeciffichos y Campos fertiles, forttia 
la mas agradable perfpeifliba. 

Obferve lalatitud de la mina 27 gr. y 28 niin. 

No hay Poblacion alguna en toda la travefia, por efclafez de 
aguas manantiales : la que jgaftan los meleros, qiie en pequeiias 
caravanas refiden la maior parte del ano meleindo en Ibs^hiontfes, 
es la Uovediza como fe ha cxprefado. Eftos y 'dlgunas tribus^dc 
Indios errautes y barbaros, cuia vida es femejante a la de' los 
Tartaros, que en cierta cftacion del aiio vlenen de las marjenfes 
delRio Vermejo d cabar o facar una raiz filveflrellamada Rerun : 
que folo la mafean continuamente, fiendo para ellos de primera 
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necefli4ad, afi para preferbarfe de los efe£tos de una atmofphera 
infeftada, como de las mordeduras continuas de los reptiles ponzo- 
nofos : foil las unicas geiites que fe hallan en eflos dilatadifli- 
mos y amenos Campos. 

£1 quinze Uegue a los. nombrados de Otumpa, donde fe hal- 
lava la mafa quad enterrada en pura greda y cenizas. 

La apariencia exterior era de fierro perfedlamente compa£h> ; 
no adi la interior, como puede verfe en las cavidades que mani- 
£e{lan los cortes de los pedazitos, lo que induze a creer haber 
efbd.o liquida en algun tiempo : fortifica efta idea una porcion 
tje.trazas exteriores en la parte fupcrior; fe hallan las de pies y 
manos de Hombr^es de creqida edatura, las de pies de varios 
paxaros gra^ides communes ,en aquellos campos: y aunque 
perfe£tas las tales trazas no dejo de perfuadirme a una de dos 
cofas, obien que fea un capricho 6 accidente natural, abien 
que en el fuelo^ antes de caer alii aquella mafa, exiftieren las tal- 
cs huellas, y que en la caida de la mafa liquida hubiefen reful- 
tado en la .parte fuperior. A nada fe afemeja tanto como a un 
amaiijo de pan que, defpues ,de haberfe en el eflampado pies 
,m,anos y metido un dedo, fe bubiefe ferrificado. 

Empeze a cortar con los cinceles, y para facar veinte y cinco^ 
,6 treinta libras, fue neceiTarjo rpmperlos todos en numero de 
fetenta. 

Hize cavar al rededor del trozo, qiiien por la parte Inferior 
tenia una capa del gruefo de quatro 6 feis pulgadas de efcoria^ 
procedida de las humedades.de la tierra; por la fuperior eflava 
limpio. 

Defprendido de la tierra, le.hize dar una media buelta con pa- 

lancas, y cabe en la cania a baftante profundidad. No contenta 

conftrul dos hornUlos, que vole, y con cuidado examind la 

tierra. ix^as profunda, y la halle perfe£tamente femejante a la 
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40 Don M. R. de Celis's Account of 

fuperior, a la de todos aquellos campos, y a la de dos pozos que 
hize abrir a diftancia de fefenta 6 cien pafos del trozo y dircc- 
cion del E. 0# 

El no encontrar raiz ni fcrie de gencracion, avivo mas la 
admiracioii mia, y empeze a difcurrir de efte modo. 

O efta mafa fe crio aqui, o fue tralda 6 arrojada ? Criarfe aqui 
no es polible, fegun el conocido proceder de la Naturaleza : fer 
trahida de donde, para que, 6 como ? de donde, no haviendo 
en centenares de leguas minas de fierro, ni memoria de que fc 
hubiefen trabajado en el Reyno ? para que ? fiendo de una ma- 
teria fin eftimacion, no pudiendofe ufar, y fiendo aquel un ter- 
reno el masefcufado o inavitable de todoel Chaco, porla efcafez 
de aguas ; como ? no teniendo noticia de que los Indios hayan 
conocido jamas las maquinas de acarreo ; con que habra fido 
arrojada por algun volcan. 

Las razones que induzen a creer efto fon varias. Regular- 
mente los volcanes dejan defpues de volados algunos pozos de 
agua, Unas vezes termales, y otras frias : al E. del trozo, y dif- 
tancia como de dos leguas, fe halla vna aguadita baftante 
falobre vnica y manancial por todo aquel pais. En todo lo que 
camine del Chaco no obferbe a la vifta diferencia ninguna de 
nivel en el terreno : folo en la imediacion d efta aguadita hay 
vna rampa que corre N. S. y que por particular feme hizo no^ 
table antes de ver el trozo, Graduando poder tener de diferen- 
cia de nivel con el refto del pais de quatro 6 feis pies : las 
imediaciones a la papa 6 trozo, y ala aguadita, eftan cubiertas de 
una efpecie de tierra menuda como la ceniza, y quafide fu color : 
el Pafto de eftas imediaciones, Uamado Ahuvi, es fumamente 
pequeiio, delgado, y aborrecido de los animales, afi como mui 
alto y mui grato a ellos el que efti algo feparado del trozo y de 
la aguadita : a pequeiia profundidad en efta fe encuentran unas 
2 piedras 
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piedras quarzos de un enc;traado hermofo, las que han ufado los 

meleros folo para cncender fuego : hay noticia de haber aquellos 

trahido tres pequcnas por particulares en fu color, y unas pintas 

doradas ; una de ellas del pefo de una onza vino a poder del Go- 

vernador de Armas de Santiago del Eftero, quien me dijo haberia 

echo moler, 7 mc moftro mas de un adarme de oro que de ella 

fe havia extraidoa £$ indudable que entre aquellos immenfos 

boique$ cxifte un Arbol con fus ramas de puro fierro ; (on mu- 

cbos los Indies que le han vifto, y los de la reduccion llamada de 

Avipones faben fu verdadcro lugar ; un Europeo diftinguido 

vezino de la Cuidad de Salta loha tocado : la caida o inclinacion 

del trozo es del £• al O. haviendo dejado vna efpecle de corte 

al £• cuia dire&ion es N. S. de efte corte es de donde fe pudieron 

extraer con cinceles los pedazitos de metal: luego con eftos 

antecedentes no es violento formar efta Ypotefi. 

Volofe el volcan en la aguadita fatobre, lebant6 vna porcion 
de tierras que por fu poca gravedad fe quedaron en la imedia- 
cion ; aunquealprincipioamontonadas, las amtinuas aguas del 
Chaco, que ie balla inundado la terzera parte dd mo^ las ha 
ido igualando con el otro terreno : k direccion de la materia 
grande arrojada fue del £• al O. y como pefada alcanzo a la 
diftancia en que fe encuentra : alguna otra porcion de materia 
mas pequeiia, y acafo mas fluida, fe feparo a otro rumboj haciendo 
canales, al modo que quando fe arroja un baib de agua ; efta pe- 
quena materia ya fria, y lamida con las aguas la tierra que al prin« 
cipio la foftenia, devio de formar lo que hoy fe llama arbol de 
fierro : las materias falitro(a$ y antimoniales, que accompanan de 
ordinario a todo mineral, devieron igualmente efparcirfc y in- 
fertelizar los contornos. 

En el Reyno de Santa Fee de Bogota fe encuentra la Platina 
en polbo mefclada con el oro : pocos ignoran la mucha afinidad 
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que tienen eftos dos metales, con que no feria extrano, fegun cl 
cbnjunto de todas eftas razones, que el fuego del volcan hubiefe 
derretido la Platina, y arrojadola como materia fuperior a la 
de oroy que era inferior. Efle principio de los volcanes es el mas 
natural para comprobar el porque ie hallan tambien fueltas las 
afamadas papas de Plata de Guantajaia, fobre cuia formacion 
fe ban dicho exquifitas extravagancias y ridiculezes. 

Cubicado fobre poco mas o menos, reputando la gravedad ex- 
pecifica del metal algo maior como lo es que la del fierro, ven- 
dr^ a p^far mas de trefcientos quintales. 

El Cav. MIG. RUBIN DE CELIS. 

R. Ida de Leon, 
2t de Juaio de I786« 



Some fpecimena of the Iron accompanied this Paper, and 
were laid before the Society ; who afterwards prefentcd them 
to the Britifli Mufeum. C. B. 
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IV. Frigorific Experiments on the mechanical ex- 
pansion OP AtUj expiaifilwg tSe Caufe of the great Degree of 
Cold on the Summits of high Mountains ^ the fudden Cqndenfa^ 
iion of aerial Vapour^ and of the perpetual Mutability of 
atmofpberic Heat. By Erafmus Darwin, M. D. F. R. S.; 

' communicated By the Right Honourable Charles Greville^ 

F.k.s. 



Read December 13, 1787. 

• . . . • 

HAVING often revolved in my mind the great degree of 
cold producible by the well known experiments on 
evaporation; in which, by the expanfion of a few drops of 
ether into vapour, a thermometer may be funk much below 
the freezing point; and recbllefling at the fame time the 
great quantity of heat which is neceffary to evaporate or con- 
vert into fteam a few ounces of boiling w^ter ; I was led to 
fufpe£t, that elaftic fluids, when they were mechanically ex- 
panded, would attraft or abforb heat from the bodies in their 
vicinity ; and that, when they were mechanically qondenled, 
the fluid matter of heat would be prefled out of them, and 
difFufed among the adjacent bodies. 

As this principle might poflibly be extended to elaftic. folid 
bodies, as well as to fluid ones, and explain .the caufe of the 
heat occafioned by percuflion or friftion, and by fome chemi- 
cal combinations, as well as the perpetual fliutabillty of it in 
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the atmofphere, I have, at different times, endeavoured to fub- 

je6k it to experiment. 

!• When Dr. Hutton of Edinburgh, and Mr. Edgb- 
WORTH of Edgeworthtown in Ireland, were with me about 
twelve or fourteen years ago, the following experiment, which 
had been propofed by one of the company, was carefullj 
made, The blaft from an air-gun was repeatedly thrown on 
the bulb of a thermometer, and it uniformly funk it about two 
degrees. The thermometer was firmly fixed againfl: a wall, 
and the air-gun, after being charged, was left for an . hour in 
its vicinity, that it might previoufly lofe the heat acquired in' 
the aft of charging ; the air was then difcharged in a conti- 
nued flream on the bulb of the thermometer, and the event 
(hewed, that the air at the time of its expanfion attraded or 
abforbed heat from the mercury of the thermometer. 

In March 1785, by the afliftance of Mr. Fox and Mr* 
Strut T, of Derby, a thermometer was fixed in a wooden 
tube, and fo applied to the receiver of an air-gun, that, on diA 
charging the air by means of a fcrew prefiing on the valve 
of the receiver, a continued ftream of air, at the very time of 
its expanfion, pafTed over the bulb of the thermometer. This 
experiment was four times repeated in the prefence of many 
obfervers, and uniformly funk the thermometer from five to 
feven degrees. During the time of condenfing the air into the 
receiver, there was a great difference in the heat, as perceived 
by the hand, at the two ends of the condenfing iyringe ; that 
next the air-globe was almofi: painful to the touch ; and the 
globe itfelf became hotter than could have been expeded from 
its contad with the fyringe. Add ^to this, that in exploding 
an air-gun, the Aream of air always becomes vifible, which is 
owing to the cold then produced precipitating the vapour it 

contained ; 
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contained; and if this ftream of air had previoufly been more 
condenfcdf or in greater quantity, fo as not indantly to acquire 
heat from the common atmofphere in its vicinity, it would 
probably have fallen in fnow, as in the fountain of Hiero, 
mentioned below. 

2. About twelve or fourteen years ago, by the afliftance of 
Mr. Waltie«, a celebrated itinerant teacher of philofophy^ 
a thermometer was placed in the receiver of an air-pump, and 
ibme time being allowed, that it might accurately adapt itfelf 
to the heat of the receiver, the air was haftily exhaufted; 
during which the mercury of the thermometer funk two or 
three degrees, and after fome minutes regained its previous 
height. In November 1 787, by the affiftance of my very ingenious^ 
friend Mr. FoRBSTBt French, the above experiment was re- 
peated ; but with this difference, that the thermon^eter was open 
at the top; fo that the diminution of external pfefTure could 
not afied the dimenfions of the bulb ; and the refult was the 
iame^ the mercury in the thermometer funk two or three de* 
grees, and gradually rofe again. Does not this fhew,. that the 
mr in the receiver, being expanded during the exhauftion^ 
attra£fced or abibrbed heat from the xnercurj ia the thermo* 
meter? 

Both during the exhaufticm, and during the re-admiflion of 
the air into the receiver, a fteam was regularly obferved to be 
condenfed on the fides c^ the glafs, which m both cafes waa 
in a few minutes re-abfbrbed. This fleam muft have beea 
precipitated by its being deprived c^ its heat by the expanded 
air: if it could have happened from any other caufe, the 
vapour could not, in both fitoations^ vi%. of exhaufiion^ and 
of re-admiifiooy have been taken up again*. 
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3. In December 1784, with the affiftance of Mr. Fox, the 
followhig experiment was carefully made. A. hole, about the 
fize of a crow-quill, was bored into a large alr-yeffel, placed at 
the commencement of the principal pipe in the waterworks 
which fupply the town of Derby. The water from four 
pumps, which are worked by a water-wheel, is firft thrown 
into the lower part of this air-veffel, and from thence rlfes to 
the top of St. Michael*? Church into a refervoir, which may be 
about thirty-five or forty feet above the level of the air-veflel. 

Two thermometers were previoufly fufpended on the leaden 
air-veflel, that they might become of the fame, temperature 
with it ; and, as foon as the hole was opened, had their bulbs 
reciprocally applied fo as to receive the ftream of air ; and the^ 
mercury in both of them funk two divifions, or four degrees. 
This finking of the mercury in the thermometers could not 
be afcribed to any evaporation of moifture from their forfaces, 
becaufe it was feen, both in exhaufting and re-admitting the 
air into the exhaufted receiver, that the vapour which it prc- 
viouQy contained was depofited during its expanfion. 

4, There is a very curious . phasnomenon obferved in the 
fountain of Hiero, conftrufted on a very large fcale in the 
Chemnicenfian mines in Hungary, which is very fimilar to the 
experiments above related. In this machine the air, in a 
large veflel, is comprefled by a column of water 260 feet high : 
a flop-cock is then opened, and as the air iflues out with great, 
vehemence, and, in confequence of its previous condenfation, 
becomes immediately much expanded, the moifture it contained 
is not only precipitated, as in the exhaufted receiver above- 
mentioned, but falls down in a fhower of fnow, with icicles, 
adhering to the nofel of the cock. This remarkable circum- 
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fiance is defcribed at large, with a plate of the machine, in the 
Philofophical Tranfa£tions for 1761, Vol. LII. 

^, From the four experiments already related ; firft, of the 
mercury finking in the thermometer, by being expofed to the 
ftream of air from an air-gun ; fecondly, from ita finking in 
the receiver of an air-pump, during the time of exhaufting it ; 
thirdly, from its finking when expofed to a ftream of air from 
the air-veffel of a water-engine ; and, laftly, from the curious 
pbaenomenon of fnow and ice being produced by the ftream of 
expanding air from the fountain of Hiero m an Hungarian 
mine ; there is good reafon to conclude, that in all cirCum- 
ftances, when air is mechanically expanded, it becomes capable 
of attracting the fluid matter of heat from other bodies in 
contact with it. 

Coldnefs of the Summits of Mountains. 

Now, as thevaft region of air which furrounds our globe is 
perpetually movhig along its furface, climbing up the fides of 
mountains, and defcending into the vallies ; as it pafies along, 
it muft be perpetually varying its degree of heat, according to 
the elevation of the country it traverfes : for in rifing to tho 
fummits of mountains it becomes expanded, having fo much 
of the prefTure of the fuper -incumbent air taken away, and, 
when thus expanded, it attra<^s or abforbs heat from the 
mountains in contiguity with it ; and when it defcends into 
the valley, and is again comprefled into lefs compafs, it again 
gives out the heat it has acquired to the bodies it becomes in 
conta£): with. 

The fame thing muft happen in refpe£l to the higher regions 

ef the atmofphere, which arc regions of perpetual froft, as 
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was always fufpeded, and has of late been demonftrated by 
the aerial navigators, Whqij large diftri£ts of air from the 
lower parts of the atmofpherc are raifed two or three miles 
high, they become fo much expanded by the great diminution 
of the preffure over them, and thence become (b cold, that hail 
or fnow is produced from the precipitated vapour, if they con- 
tain any : and as there is, in thefe high provinces of the atmo^ 
(phere, nothing elfe for the expanded air to acquire heat from, 
after the precipitation of its vapour* the fame degree of cold 
continues, till the air, on defcending to the earth, acquires 
again its former ilate of condenfation and of warmth. 

The Andes* almoft under the line, refts its bafe on burning 
fands ; about its middle height is a moft pleafant and tempe- 
rate climate, covering an i^xtenfive plain, on which is built 
the city of Quito ; while its forehead is incircled with eternal 
fnow, coeval perhaps with the elevation of the mountain : - 
yet, according to the accounts of Ulloa, thefe three dis- 
cordant climates feldom intrench much upon each other*s terri* 
tories. The hot winds below, if they afcend, become cooled 
by their expanfion, and hence cannot afie£): the fnow upon the 
Jummit; and the cold winds, that fweep the fummit, beconie 
condenfed as they defcend, and. of temperate warmth^ before 
they reach the fertile plains of Quito. 

Correfpondence tf the Heat of the Atmafphere with the Height ef 

the Barometer. 

From this principle fome of the fudden changes of our 
atmofphere from hot to cold, aud from dry to moift, may 
likewife be accounted for* During the laft jear I frequently 
obferved, that when the barometer rofc (the wind continuing 

in 
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in the fame quarter, viz. N.E. or S.W.) the air became many- 
degrees warmer. A fimilar fadt is related from Musschen- 
B&oEK, in Mr. Kirwan's ingenious work on the Temperature 
of different Latitudes ; viz. that in winter, when the mercury 
in the barometer defcends, the cold increafes. More accurate 
•biervations on this fubjed, when the air is ilationary, or 
when the wind continues in the fame quarter, might lead to 
the difcovery of the quantity of heat fqueezed out of the air 
by a certain preffure. 

The Devaporation of aerial Moijlure. 

As heat appears to be the principal caufe of evaporation, as 
wdi as of folution, and of fluidity in general, the privation of 
heat may be efteemed the principal caufe of devaporation : for 
though the air may, by its own power of attraflion, or by 
means of the eledtricity it may contain, difiblve and fuf- 
pend a portion of water, as water diflblves and fufpends a por- 
tion of fait ; yet, by the application of cold, thefe are refpec- 
tively precipitated ; and therefore heat may be affumed as the 
immediate cauie of thefe folutions. Add to this, that water 
boils in vacuo with lefs heat ; that is, it evaporates in vacuo 
fafter or eafier than in the open air, and therefore the attradive 
power of the atmofphere does not feem neceflary to evapo- 
ration. 

Now, when the barometer (inks (from whatever caufe not yet 
underftood this may happen) the lower ftratum of air becomes 
expanded by its elafticity, being releafed from a part of the 
fwper- incumbent preflure, and, in confequence of its expan- 
lion, robs the vapour which it contains of its heat ; whence 

Vol. LXXVIIJ. H that 



50 Dr. DKK^i^\frigorific Experiminti 

that vapour becomes condenfed^ and is precipitated in fliowert, 
as is vilible in the receiver of an air-pump above mentioned. 

There are, however, two oth&r curious circumftances be« 
longing to the devaporation of water, which have not been 
perhaps much attended to. 

Firft, that the deduftion of a fm^ll quantity of heat from a 
cloud or provhicc of vapour, compared with the quantity of 
heat which was necefikry to raife that vapour from water, will 
dcvaporate the whole. This circumftance Is evident in the opera- 
tion of common fleam-engines, in which a fmall jet of water, 
whofe heat is often above 48 degrees, perpetually devaporates the 
fteam raifed by a. comparatively very great quantity of heat 
under the boiler. This difficult problem is explicable from 
the principles before eAablifhed : if a fmall part of a province 
of vapour be fuddenly condenfed, a vacuity takes place, and 
the contiguous walls of vapour expand themfelves into this 
vacuity ; and thus a large area of vapour, perhaps of many 
xnil« in circum&xence, becomes more or lefs expanded; by 
this expanfion cold is produced (that is, its capacity of receiv- 
ing heat is increafed), and the whole is devaporated. 

This very circumflance exadly takes place in the &mou& 
fteam-engine of Mefll Watt and Boulton ; which, fron^ 
the happy combination of chemic^al and mechanic power, oiay 
jufUy be efleemed the firfl machine of human invention. In 
this excellent machine, after the cylinder is filled wkh fleam,, 
a communication is opened between this refervotr of fleam and 
a fmall cell, which is kept cold by furrounding water, and 
free from air by an air-fyringe adapted to it. What then liap- 
pens ? The corner of the fleam in the cylinder next to this 
. vacuum (with which it now communicates) rufhes into it^ 
and the whole fleam in the cylinder is thus fuddenly expanded,. 

aad 
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and inftantly devaporated : whenca the very quick recipro- 
cations of the pifton ; and that, though the cylinder itfelf is 
always kept as hot as boiling water, that is, as hot as the 
fleam was previous to its devaporation* 

Something very fimilar to this is often feen at the corn** 
mencement of thunder-ftorms ; a fmall black cloud at firft 
appears, in a few minutes the whole heaven is covered with 
condenfing vapour, and the accumulation or efcape of eledric 
matter feems to be rather the confequence than the caufe of 
this fudden and general devaporation. 

A fecond curious circumflance of aerial devaporation is, 
that when the particles of aqueous vapout begin to approach 
each other by the diminution of their heat, they da not gene* 
rate water exadly in proportion to fuch diminution of heat ; 
but the condenfation proceeds further, and not only a greater 
quantity of water is produced, but alio a quantity of heat is 
fet at liberty along with this exoefs of devapocation, and the 
atmolphece becomes warmer than before . the b^inning con* 
denfation. This excefs of devaporation beyond the cold which 
produced it, is probably owing to the acquired momentum of 
the aqueous particles towards each other zt the beginning 
of their condenfation, which carries them ftill nearer each 
other ; and to the fmall molecular at firft formed, poileffing a 
greater attraAive power. over the uncoudenfed vapour in their 
vicinity, and thus prefling out more of the latent or combined 
heat. 

Conclufion. 

t • When a fmall portion of air, fuppofe a few acres, be* 
comes fuddeuly contradted into a lefs compafs, either by inci« 
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dental cold, or by any other caufe not yet underftood (as the 
combination of dephlogiftic and inRammable gafes), the air 
next in vicinity fuddenly expands itfelf to occupy the vacuity ; 
and by its expandon produces cold and devaporates, and then 
becomes compreffible into lefs fpace than it occupied before it 
parted with its vapour. This then gives occafion to the next 
circum-ambient portion of air to go through the fame procefs, 
that is, to expand, attrafl the heat from its vapours, devapo- 
rate, and then become compreilible into lefs fpace ; and thus, 
from a fmall and partial contraftion or diminution of air, it 
feems poffible to devaporate a great province. 

2. The vapour of a great province of air being thus condenfed, 
would leave a great vacuity in that part of the atmofphere, 
which would be fupplied by winds rulhing in on all (ides. 
Suppofe this to happen to the north of our climate, a fouth*weft 
wind would be produced here, which is otherwife very difficuh 
to underftand : and if it fhould ever be in the power of human 
ingenuity to govern the courie of the winds, which probably 
depends on fome very fmall caufes ; by always keeping the under 
currents of air from the S.W. and the upper currents from the 
N.E. I fuppofe the produce and comfort of this part of the 
world would be doubled at leaft to its inhabitants, and the dif- 
covery would thence be of greater utility than any that has 
yet occurred in the annals of mankind. 

November 22, 1787. 
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V. Some Obfervations on the Heat of Wells and Springs in the 
IJland of Jamaica, and on the ^[temperature of the Earth 
below the Surface in different Climates^ By John Hunter, 
M. D. F. R. S. ; communicated by the Hon. Henry Cavendifli^- 
F. R. S. 



Read December 20, lySy^ 

TO THE HON* MR. C A V £ N D I S H. 

SIR, 

THE follcwiiig ob&rvatlons on the heat of iprlngs and 
wells, and their applicatiop towards determlnii)g the 
mean temperature of the earth in different climates, were, fug^ 
geft^d by you in fome converfation on that.fubjeAy previous 
to my going to Jamaica in. 1780. If you think them deferving 
the attention of the Royal Society, I muft beg jthe favour of 
you to lay them before tjiat learned Body. . 



Charles-ftreee, 
Dec. II, 1787. 



I have the honour to be* &c, 

JOHN HUNTER- 
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THE great difference between the temperature of the open air, 
and that of deep caverns or mines, has long been taken notice 
of, both as matter of curiofity and furprize. After thermo- 
meters were brought to a tolerable degree of perfection, and 
meteorological regifters were kept with accuracy, it became a 
problem, to determine what the caufe was of this difference 
between the heat of the air, and the beat of the earth ; for it 
was foon found, that the temperature of mines and caverns 
did not depend upon any thing peculiar to them ; but that a 
Certain depth under ground, whether in a cave, a mine, or a 
well, was fufficienJt to produce a. very fenfible dif&rence in 
the heat. In obfervations of this kind, there was perhaps 
nothing more ftriking, than that the heat in ibch Caves was 
nearly the fame in fummer and winter ; and this even in' 
changeable climates, that admitted of great variation between 
the extremes of heat in fumoier, and cold in winter. There 
is an example of this in the cave of the Royal Obfervatory at 
Paris. The explanations, which have been attempted of this* 
phaenomenon, have turned chiefly upon a fuppolition, that 
there was an internal fource of heat in the earth itfelf^ totally 
independent of the influence of the fun ^. M. db Mairan has 
beftowed much labour on this fubje£t, and by observation am) 
calculation is led , to conclude, that of the ioa6*^ of heat (by 
Reaumur's fcale), which he finds to be the heat of fummer 
at Paris, 34^^02 only proceed from the fun, and the remaining 
991^98 from the earth, by emanations of heat from the cen- 
ter f • The proportion therefore of heat derived from this latter 
fource is to that of the fun, as 29,16 to i. It muft be evident, 
that an hypothefis of this kind, which renders the influence of 
the fun of fmall account» is diredly contrary to the general 

* Vid. Martike's Eflay», p. ^19* 

t 'Memoir, dc TAcad. deft Science*, An. 1719 ct 1765. 

experience 



cf Wells and Springs in Jamaica. 55 

experience and convidion of mankind. Without entering^ 
however, into any difcuilion of the da/a from whence M. ns 
Mairan draws his conclufions, it will be more fatisfadory to 
confider what the tStSt of the operation of thofe laws of 
heat, with which we are acquainted, would be. 

And firft, it is well known, that heat in all bodies has a 
tendency to diffiife itfelf equally through every part of them, 
till they become of the fame temperature. Again, bodies of 
a large mafs are both cocked and heated (lowly. Befides the 
mafs of matter, there are two other confiderations of much 
importance in the flow or quick tranfmiffion of heat through 
bodies ; thefe are their different conduding powers, and their 
being in a ftate of iblidity or fluidity. The condu^fling powers 
of heat are well known to be very various in different bodies ; 
nor are they hitherto reducible to any law, depending either 
upon the denfity, or chemical properties of matter. Metals of 
all kinds are good condudors^ of heat, while glafs, an heavy, 
folid, homogeneous body, is an extremely bad conductor, even 
when a metallic calx enters largely into its compofition, as in 
flint-glafs. A ftate of fluidity greatly promotes the diffusion of 
heat; for a body in a fluid ftate, by the particles moving rea- 
dily anoong each other from their different deniities or other 
caufes, mixes the warm and cold parts together, which occa- 
fions a quick communication of beat. To apply thefe obfer- 
vations to the prefent fubjefi ; the furface of the earth being 
cxpo&d to the great heats of fummer, and the colds of win- 
ter, or more properly the low degree of heat of winter, 
will receive a larger proportion of heat in the former ieaibn, 
and a fmaller in the latter; aad being further of a large 
mafs, and of a porous and fpongy fubftance, and therefore not 
quickly fenfible to fmall variations of heat, it will become of a. 
mean temperature at a certain depth, between the heat of £ummer, 

3 ^^ 
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and the cold of winter, provided it contain no internal fourceof 
heat within itfelf. This conclufion is ftridlly agreeable to the 
experiments and obfervations hitherto made, in heating and 
cooling bodies, or in mixing portions of matter of the fame 
kind of different temperatures *. Water, though in a large 
imafsi follows in fome degree the heat and cold of our fummer 
and winter, from the molxlity of its parts occaHoning a more 
fpeedy diffufion of heat. Air is quickly fufceptible of heat,and 
from the expan(ions produced in it, and confequent motions 
in the whole mafs, the temperature is foon rendered uniform* 

The changes in the heat of the air are what we have meafured, 
and we are to be underftood to fpeak of them, when we talk of the 
temperature of fummer and of winter. It may bealked then, is 
the heat of the fun firft communicated to the air, and thereby to 
the earth ? No, the air is fufceptible of a very fmall degree of 
heat from the rays of the fun pailing through it ; for it is well 
known, they produce no heat in a tranfparent medium, and 
confequently, that the air is only fo far heated as it differs from 
a medium that is perfeftly tranfparent. The heat produced by 
the rays of the fun bears a proportion to their number, their 
duration, and their falling more or lefs perpendicularly ; and 
it takes place at the points where they ftrike an opaque and 
-non-reflefting furface. The furface of the earth may there- 
fore be confidered as the place, from whence the heat proceeds, 
rwhich is communicated to the air above, and the earth below. 
That this is really the cafe is evident from the fuperior degree of 
'heat, -produced by the a£lion of the rays of the fun upon an 
opaque body, which will often be heated to 150° (Fahren- 
heit), while the temperature of the air is not above 90®+. 
It may feem, therefore, that to meafure the heat communicated 

^ Vid. De Luc Modifications de TAtmoiphcrci Vol. I, p. 285. 
■f Marti ne's EfFays, .p, 309, 
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fo the earthy it (hould be done at the {iixhcc^ where the a<^iott 

of the rays immediately takes place. But though the heat be 

produced at the furface, it is communicated freely to the air as 

well as the earth i and though the apparent intenfity of heat be 

greater in the earth, from the rays of light a£ting for a longer 

tinie upon the fame parts of matter, yet there is little doubt 

that much the greater part is carried oS by the air, whiqh as 

it is heated flies off, and allows a frefli portion of cold air to 

come in contad with the heated furiace. But flill it is imma* 

terial, whether the heat of the fun be excited more in the earth or 

in the air ; for whichever has the larger proportion will in the 

end communicate a part to the other, and fo reftore the balance. 

The fame^obfervation applies to fuch caufes of cold as may 

operate at the furface of the earth, as evaporation, and that 

taken notice of by Mn Wilson *. The air, therefore, near the 

furface of the earth will (hew by a thermometer in the fhade 

nearly, if not exactly, the fame degree of heat that the fun 

communicates to our terreftrial globe ; and if a mean of the 

faeats thus (hewn be taken for the year round, and we peoef- 

trate into the earth to that depth, that it is no longer aSe£):ed 

either by the daily, monthly, or annual variations of heat^ 

the temperature at fuch depth Ihould be equal to the annual 

mean above mentioned. To afcertain this with jthe utmoft pre- 

ci(ion, it muft be obvious, that numerous obienrations flioiuld 

be made every day, correfponding to the frequent changes of 

temperature, which are known to happen in tjbc courfe of the 

twenty-four hours in all climates ; and upon thefe a 4aily mcaa 

ihould be taken, and the annual mean deduced therefrom. 

This has not yet been done, but where we have ohfervations 

from which a mean temperature can be deduced widi any de* 

gree of certainty, it will be found not to difer greatly from 

• Vid. Phil. Tranf. Vol. LXX. p. 451. and Vol. LXXI. p. 3^6. 
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l\iQ heat of deep caves, or wells in the fame cHmate. If fur« 
ther experience and obfervation fhould confirm the above opi- 
nions, it will be attended with this advantage, that we (hall 
be poffeffed of an eafy and ready method of afcertaining the 
mean temperature of any climate ; which, with a few obferva- 
tions of the extremes of heat and cold at particular fea- 
fons, will teach us as much of the country, with regard to 
heat and cold, as the meteorological obfervations of feveral 
years. 

For obtaining the temperature of the earth the beft obfer- 
vations are probably to be coUefted from wells of a confidera- 
ble depth, and in which there is not much water. Springs 
iffuing from the earth, although indicating the temperature of 
the ground |^ni whence they proceed, are not fo much to be 
depended upon as wells ; for the courfe of the fpring may be 
derived from high grounds in the neighbourhood, and it will 
thence be colder ; it may run fo near the furface as to be liable 
to variations of heat and cold from fummer and winter ; or it 
may be expofed to local caufes of heat in the bowels of the 
earth. Wells feem alfo better than deep caverns, for the 
apertures to fuch are often large, and may admit enough of the 
external air to occaiion fome change in their temperature. 
Wells are not, however, to be met with in all places, and in 
that cafe we muft remain fatisfied with the temperature of the 
fprings. 

The following obfervations were made In the Ifland of Ja« 
maica, where there are flat lands in many parts towards the 
coaft, but all the interior part of the country is mountainous. 
The heat is greateft in the low lands, and decreafes as you 
afcend the mountains. The town of Kingfton is fupplied with 
water from wells. The ground on which it (lands rifes with 
I a gentle 
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a gentle afcent as>you recede from the fea. In the low part of 
the town the wells are but a few feet deep, and many of them 
brackiih. The heat of the water in fome of them I have 
found as high as 82**; but they were evidently too near the 
furface not to be afFefted by the heat of the feafons. As you 
afcend, the wells are deeper, and the temperature is nearly 80'' 
in all of them. What variations there are, come within one 
degree, that is, half a degree lefs than 80% or half a degree 
more. They are of different depths, and fome not lefs than 
100 feet ; though, after they ar? of half that depth, the tem- 
perature is nearly uniform. At the Governor's Pen, which is 
alfo in the low part of the country, a well, which is above 
60 feet deep, is 79i^ There is a well at Half-way-Tree, 243 
feet deep, which is 79^ Half-way-Tree is two miles from 
Kingfton, with a very gentle afcent. Near Rock-Fort is a fpring, 
immediately at the foot of the long mountain, which throws 
out a great body of water ; the heat of it is 79^. All the places 
mentioned are but very little above the level of the fea, pro- 
bably not more than the depth of the wells at the refpeftive 
places ; for near Kingfton there are fprings that appear juft 
below the water-mark of the fea, and thofe that fupply the 
wells are probably upon the fame level. 

The temperature of the air at Kingfton admits but of fmall 
variation. The thermometer, at the hotteft time of the day, 
and during the hotteft feafon of the year, ranges from 85"* to 
90^ ; in the cooleft feafon* and obferved about fun-rife, which 
is the coldeft time in the twenty- four hours, it ranges from 
70° to 77^ I have feen it once as low as 69"", and two different 
times as high as 91''. The annual mean temperature camiott 
therefore, either much exceed, or fall much (hort of, 80% as 
indicated by the wells. 

I '2 The 
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The following fprings were examined with much accuracy 
by the Hon. Mr. Se well, Attorney General of the Ifland. 

Ayfcough's fpring, on the road from Spanifli Town to 
Pufey's, in St. John's parifli, js""* 

Pufey's fprings ftill higher in the mountains, 7 2° J. 

A opting near the baracks at Points Hill in St. John's 
pariih, 70% 

The thermometer in the (hade at Pufey's, during part of 
the month of June, was found to range from 69'' J to yg^'i. 
It was obferved both late at night, and early in the morning 
before fun- rife. 

The fprin^in Brailsford Valley, about ten miles above Spa- 
nifli Town, is 'js''^ The fpring at Stoney Hill is 71^. Thcfe 
were examined by Mr. Home. 

Mr. Wallen*s houfe, at Cold Spring, ftands the higheft of 
any in the ifland. By a meafurement, faid to have been made 
by Mr. M^ Parlane, it is reported to be 1400 yards above 
the level of the fea. On the road to it, and about a mile be^ 
low Mr. Wallen's houfe, there is a fpring that iflues from 
the fide of the hill, of the temperature of 65°. Cold Spring, 
t^hich gives a name to the place, is about fifty feet below the 
houfe, and the heat of it is 6i°i. The thermometer in the 
fliade at Mr. "Wall^n's houfe, for fome days in the month of 
April, ranged from 57° to 67^ It may be remarked, that the 
higher the fprings the colder they are ; and, as far as a con- 
jefture can be formed from fo few obferVations, they would 
appear not to differ much from the mean temperature of their 
refpeftive places *. 

It will not be out of place to add fome obfervations made iti 
Esghnd, »ktive to the fatoe fubjcft. The wells in and 
* The thennometersnude ufe of were all macfc by Mr. Ramsdek. 
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. about London are either of no great depth, or are full of 
water, which are both confiderable objeftions to their giving a 
mean temperature. The want of depth will make them fub- 
jcfl: to the variations of the feafons ; and a large quantity of 
water, even in a deep well, will take the temperature of the 
air more or lefs : for any change of temperature communi- 
cated at the furface will, from the fluidity of the water, be 
readily difFufed through the whole. I fufped it ia owing to 
this caufe, that the wells in the neighbourhood of Brighthelm- 
ftone vary from 50*" to 52°, for thofe were the higheft that 
had moft water in them. My obfervations were made in fum- 
mer. Thefe wells are of various depths, from 15 to 150 feet. 
That which I always found the coldeft is not more than 
22 feet deep ; I never found its heat greater than 50°. It is 
near the beach, and is a tide well, that is, the water in it 
rifes' and falls, attd in fo doing does not correfpond exaftly 
with the tides, but follows them with an interval of about 
three hours. At the loweft there is not more than a foot of 
water in it ; and it may be considered as a fubterraneous fpring 
running through the bottom of the well. There are in fad 
numerous fprings that break out upon the fand, a few feet 
above the low-water mark, which are doubtlefs the fame that 
fupply the wells. As we are not acquainted with any caule 
that produces cold in the bowels of the earth, we mufl: necef- 
farily m every climate^ confider the loweft degree of heat as 
approaching neareft to the meaa temperature; and therefore 
we cannot conclude the mean temperature at Brighthelmftone 
to be more than 50°. The mean temperature of London is 
computed about 52** ; but Brighthelmftone is nearly fifty miles 
farther fouth than London, and is immediately upon the fea, 
* Kui WAN's TeinperatuiQ of different Latitudes, p. 73. 
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and muft therefore be at leaft as warm as London. It is evi- 
dent, that the obfervations from which the mean is taken, 
muft generally contain more of the extremes of heat than of 
cold, as the former happen in the day-time, and the latter in 
the night, in confequence of which they will often efcape 
notice. There is a table conftrufled by Dr. Heberden *, ex- 
prefling the heat in London for every month in the year, 
from a mean of ten years beginning with 1763, and ending 
with 1772. The mean temperature is given both at 8 A.M. 
and 2 P.M. There is further in the table, a column of the 
mean of the greateft monthly colds in the night, obferved 
during the fame ten years by Lord Charles Cavendish, in 
Marlboroligh*ftreet, There will not probably be any great 
error in confidering the heat obferved at 2 P.M. as the greateft 
daily heat ; and taking a mean btween the greateft heats of the 
day, and greateft colds of the night, they give 49^196 for an 
annual mean, which is much lower than is commonly fup- 
pofed. At the houfe of George Glenny, Efq. near Brom- 
ley, there is a well feventy-five feet deep, which I found in 
November 49*'!. M. de Mairan has given a table of the 
greateft heats and greateft colds obferved at Paris for fifty-fix 
years, beginning from 1701; and a mean of them is 10° 
above freezing, or loio", of Reaumur*s (bale +• The tempe- 
rature of the cave of the Obfervatory where thofe obfervations 
were made, is lo^'J above freezing, by the famefcale of Reau- 
mur. There appears not therefore any neceffity for an in- 
ternal heat ; on the contrary, it is matter of demonftratiod, 
that were there any fource of heat in the earth which was not 
equally in the air, the heat of the interior parts ought to be 

•* The Table alluded to follows this Paper. 

■\ Mem, dc PAcad, des Sciences, An. 17651 p. 202. 
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higher thaa a mean : and did the central heat bear as high a 
proportion to that of the fun as M. de Mairan alledges, the 
heat of the earth itfelf ought to be a great deal above the mean 
temperature of the air, which from obfervatipn there is no 
ground for believing. It is eafy to fee the fource of M. de 
Mairan*s error ; he has founded his calculations upon the 
fcale of Reaumur, and confiders the degrees of his thermo- 
meter as marking the real proportions, and abfolute quantity- of 
heat*. It is a matter that cannot be denied, that we know 
nothing of the abfolute quantities of heat;, and that the de« 
grees of our thermometers are only to. be confidered as a few 
of the middle links of a chain, the length of which we are 
totally ignorant of, and therefore in no condition to compare 
its proportional parts. It deferves, however, to be remarked, 
that obfervations of a late date have (hewn, that the notions 
of cold upon which Reaumur's fcale was conftrudted, and. 
upon which M. de Ma Iran's calculations are founded, are 
imaginary and without foundation +. 

Hot fprings and volcanos may be produced as proofs, of the 
exiftence of an internal fource of heat in the earth.; but theic 
operation appears to be limited to a very fmall extent, and 
fcarcely deferving of notice in the prefent difcuflion. It is no 
uncommon thing to find fprings of the ufual temperature 
clofe by hot fprings; and no volcano, with which we are yet^ 
acquainted,' appears to have raifed the temperature of the 
country immediately adjoining to it. 

The fea admits of change of temperature more quickly than . 
the earth, particularly near the fliore. The mean heat of the 

* Vid. Memoir, dc TAcad. des Sciences, An. 1765, p. 143. 
t Vid. Phil. Traaf. Vol. tXXm. p. *303. 303. ^d 329* 
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fea at Brighthelmflone^ during the months of July, Auguf^ 
September, and Odobcr, was as follows : 
July 63- 

Auguft 63^4 
September 58* 
Oftober 53** 

The obfervations were made with a view to afcertain the 
temperature of the fea as a bath, and therefore the heat was 
taken about nine in the morning, and near the Ihore, the 
ufual time and place of bathing. The water gets hotter 
towards three o'clock in the afternoon, io that it not only fol^ 
lows the monthly, but even the daily changes of the tempera* 
ture of the air. In the four months jufl mentioned, the ex« 
tremes of heat and cold are confiderable : I have feen it as hot 
as 71^, and as cold as 49^ In the month of Auguft laft, Sir 
Hbnrv Enolefield examined the heat of the fea at 
the fame time that I did, and we both found it 71"*: it was 
about 4 P.M. of a very hot day. I may be allowed to remarK, 
that fea-bathing is a very different thing at different (eafons of 
the year, and requires an acquaintance with the variations of 
the temperature, to adapt it to particular cafes. 

It were to be wiflied, that the heat of wells and fprings were 
examined at different feafons of the year, in order to afcertain 
the effed of fummer and of winter upon them. The 
wells at New York are from 32 to 40 feet in depth, and Dr. 
NooTH found them to have an annual variation of two degrees 
from 54** to 56^. There are few countries, in which the annual 
range of the thermometer is greater than at New York, and 
the neighbouring parts of America. In the fummer it is often 
as high as 96% and in winter it has been obferved ieveral de* 
grees below the zero of Fahrenheit's fcale. 

The 
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Wc may, 1 think, from all the obfervations we are yet in 
poffeffion of, conclude^ that there is at prefcnt no fource of 
heat in the earth, capable of affefting the temperature of a 
country, which is not derived from the fun ; and that the 
earth, whatever changes of temperature it may be conjei^ured 
to have undergone in former periods, is now reduced to a mean 
of the heat produced by the fun m difierent feafons^ and in dif- 
ferent climates. 
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VL A table of the mean Heat of every Month for Ten Tears in 
Loiidoti, ftom 176.3 to lyyx inclufivefy. By William 
Heberden, M. D. F. R. S. and A. S, • 



Read JJanuafy 51, 1738: 



12 




At 8 A.M. 


At 2 P.M. 


Mean. 


Night. 


January 







39 




37 


347 


10 


February 


38 


43 


40.5 


36.6 


9 


March 


39 


45 


4« 


37-1 


7 


April 


44 


52 


48 


41-3 


5 


May 


5' • • 


.. -.^9 
65-. 


55 


46.4 


3 


June 


'57 


61 


52-4 


2 


July '. 


59 


^ '^W>3'S 


SS'^ 


I 


Auguft 


.60 


69 ' 


^^4 


SS'^ 


4 


September 


55 ■' 


<^3 ^: 


159 


5«-7 


6 


Oaobe/ 


48 


SS 


iS^'S 


45-5 


8 


November 


43- 


48 , 


45-5 


40 


II 


Decembef 


=9 


42' 


■ 40.5 


37-3 



EXPLANATI O.K OP THE TABLE, 

The firft column of figures denotes the order of the months 
according to their degrees of heat, begiiiniug with Auguft, in 
which the heat is greateft. 

The fecond, and third, are the beats marked at the hour ex- 
preiTed at the top of each column, and the fourth is the mean 
between thefe two. 

The laft column is the mean of the greateft cold at night, 
obferved in Marlborough-ftreet for twenty years, by the late 
Right Honourable Lord Charjles Cavenpisq. 
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Vn. On Ontripeial Forces. By Edward Wafing, M. D^ 
F. R. S. Profejfor of Matbematics at Cambridge. 



Read Jauuary jo^ i7S8. 

PROP. !• 

I. T ET a curve P/N (Tab. IL fig. i.), of which the per* 
JLj pendiculars to the two neareft: points P and p of the 
curve are PO and /O, and confequently O tH^ center of a 
circle, which has the fame curvature as the given curve in the 
point P; draw PY and ty tangents to the curve in the points P 
and^ ; from S draw Sy and Si&Y refpei^ively perpendiculars to 
the tangents ly and PY ; and let S^Y cut the taqgeat fy\xih% 

then will ultimately AY ( - ^) be the decrement of the perpen* 
dicukr SY = P ; and the triangles IbY and PO/ be fimilar : for 
the angles PO/ and blY are equal, and the angles lYh and 
0?p right ones; therefore PO : P/ :: /Y ultimately *: PY : YA 

decrement of the^erpendicular, whence P/ = L.^^—^^^^. 

if2« Fig. z: anrd |. The forQs jn the diiieiliofl PS is as the 
ultin)a(e ratio of ]2)<QR {the ^p^e t^hrough which a bojdj 
is dra\vp(iToiia the. <4irediQn of its motion in (he (^ngent in a 
given time towards the center of force) ; but ultimately 2QR = 

-~^ where QP is >s^s the fpace defcribed in a given time, and 

coni^equeptly as the vdoc^y (V) of the. body ait the givei| 
poi2|,t.p9 and PV the chord .of curvaliure i^.the dir(;d]bion 3P« 

K 2 1.3. 
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1.3. The increment (P^) of the fpacc divided by the Velo- 
city V is ultimately as the increment of the time, and 
== the increment of the velocity (V) divided by the force 
^ 3^ El ill the direftion of the tangent, that is, tt = 

V xPVxSP fo^ p . fubftitute IilI2, and there refults zhl2 
2V*xFY ^ FY ' PYxV 

^^^vxsp ^,^j confequently ->^xPQ v but!LlEy=r SY 

"" 2V*xFY ^ -^ SPxFV V 2PO 

rr P, whence II— — , and V = - ,. where tf is an invariable 

quantity. 

^ C(9r. Since V x P, that i«, SY the perpendicular mult^lied 
into the velocity (which is ultimately ^sP^ the fpteedefcdbed 
in a given time) is ultimately as the area defcribed round the 
center S in a given time ; but this rectangle =^, a gyven 
quantity; therefore the area, defcribed round the center of 
force S m a given time, will be a given quantity, and thence 
in unequal times will be proportional tathe times. 

1 .4. The fagitta QR is ultimately as the force, when the 
time is given ; and when the time is not given, tt will be as 
the force into the fquare of the time ; from which expreflion^ 
by fubftituting for QR and the time their values, may be de- 
duced feveral others. 

&r Isaac Newton has demonftrated this propofition v^ith 
the grcateft fimplicity; and this is given to (hew, that the 
fame propofition may be deduced from different principles. 

p R o p. II. , 

I. Fig. 3. Given the relation between SP'' the diftance from 

a point S, and SY'' a perpendicular from the point S to P'Y, a 

line touching a curve m the point P^; to find the relation 

I between 



derjirlpetal forces. b<p 

Between Sp' and Sy (a perpendicular from the point S to^;v» a 
line touching the curve in the pointy') ; in which two curves 
PP^L and pp^l^ the forces and velocitres at any equal diftanccs 
SP and %p are equal, and' confequently the perpendiculars SY 
and Sy, at the above-mentioned equal diftances SP and S^ arc 
to^ each: other in a given ratio N : n. 

In the equation expreffing the relation between SP^ and SY/ 

for SP^ and SY^ write refpedively Sp and -^ — , and there re- 

fiilts the equation fought : for the diftances SP and S^ being 
equal, the perpendiculars SY^ and Sy' are as N : «. 

Ex. I. Let S be the focus of a* conic feAion, then will. 

jC X;-H^„SY* = P% where T and C* denote its tranfverfe 

and conjugate axes, and D the diftance SP; for P write 

— x/, and there refults the equation jCx— B-s-?i* x ^^^. 

which, is an equation to a confc fe6U6n of the fame name {yh^ 
ellipfe, parabola, or hyperbola) as the given curve, of which* 

the tranfverfe axis is T, and .conjugate z=—-?,. and perpendt^^ 

cular from the focus to the tangent =r^r If T and. C iarc^inil- 
nite, and confequently the curve a; parabola, and the equation 
J' L X D = P*, then will the latus re£iu$n^xif the' resulting ^^qua#' 

tion be — X— 

Ex* 2. Let S be the center. of the. logarithmic ipiraj^. then 
will the equation be ^a x SP = <i x D :? SY =;lP, and conrequeurly 

the refulting equsttiun ^ x.D == -^ xp^ whence ^ x D\=; p. an 

equation to a logarithmic fpirdl having the fame center; ' ' " 

Ex. 3. Let Tand C be the femi-conjugate axes ot ^ conic 
feiiion, and S its center; then will' tH^'ctjuatifenerpreflinji; 

' the 
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the relation between the diftance D and perpendiqular P be 

D':iz3^ = T*:±=C5 for P writc as before ^^ and there rc- 

fults the equation D*=i=-^-rx-=T*=^C*, an equation to a conic 

feftion of the fame name, of which the tranfverfc and conja<p> 
gate diameters are refpeAively two roots («) of the equation 

;^:fc!!^lE!z=T=t:C% becaufe in this cafe/«D. 

The fum ,or difference of the fquares of the tranfverfe and 
conjugate diameters* in all the refulting equations, will be the 
fame. 

Cor. In every equal diftance, the chord of curvature paffing 
through the center of force is the faipe; for. the forces in that 
diredion, and the velocities at every equal altitude are the fame« 

? R P* III. 
I. Fig. 4^ and 3, Given an equation A:r:^, fexprefling the 
relation between the abfcifs SM^^ and ordinate MPrry; to 

find the equation expreffing the relation between SPe= v^:c* + ^* 
and SY 2= P, the perpendicular from S on the tangent PY* 
From the equation A = ^ find x^^^ which fubflitute for i 
in the equation (x*+>*)i x P s: ixy it jg^ deduced from .the fiqiiiaf 
triangles P/a^ MTP, and STY* where h:=z^ ai>d Pd^sj^; Jqt 
the refulting equation be Ca^^; reduce the three equatjpns 
A=^> C-^, and A?*+/=:SP'=D* into one^ fo that the un* 
known <juantities x and j^ may be exterminated, and there re* 
iiilts an equation exprefling the relation between t) and P. 

Cor. Hence from the eciQ^tloa expre^g 4^,. relation be* 

tween ;if and^, the abfcifs ap4 ordinate of a^f^jrye, can |>c dc* 

duced an equation exprefling the relation between the diftance 

SP and perpendicular SYj apd from the eq^ia^ioQ ex|>reiiin|^ 

J? the 



Centripetal Forces. y\ 

the relation between the diftance SP and SY can be deduced 
an equation exprefSng the relation between the diftance S^ and 
perpendicular' Sy from the point S to the tangent py of a 
curve, whofe force and velocity at every equa' diftance is the 
fame as in the given curve, but thediredion different. 

2. Given an equation K=:o expreffing the relation between 
SP = D and SY = P ; to find an equation expreffing the relation 
between SM = ;ip and PMs=^, the abfcifs and ordinate of the 
fame curve. 

In the given equation K = ^'for D and P write refpedlvely 

\/x^ +y and -^^p=r, and there refults a fluxional equation 

L=:o df the firft order, of which the fluent expreffcs the ge- 
neral relation between x and y. 

Cor. If in the given equation for P be wrote fi^\ there 
reftilti the equation K^=:^, which expreffes the relation between 
the perpendicular Sy = P^ and diftance S^ = ly of every curve, 
which at equal diftance^ has the fame velocity and force tend- 

ing to S; reduce the equations K^=:^, D = s/V+3'* ^^^ 

»P^ =:-^^=^ into one, fo that D and P'' may be exterminated, 

and there will refult' the fame fluxional equation of the firft 
order, expreffing the relation between x, jr, and their fluxions, 
whatever may be the value of »• The general fluent of this 
fluxional equation edntains the relation between the abfcifs and 
ordinates of all curves, which have the fame force and velocity 
at the fame diftance as the force and velocity in the given 
curve. 



nop 
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PRO p. IV. . 

1. Let a body move In a given curve PH.(fig. 5.), of whicli 
^the velocity {y) at any poiiit P is given: and let the fortes 
f\r'\ '&c- tending to all the given centers S'', S^% &c. 

(except two S and S'') be given; to find the forces y and/^ 
tending tcrthe two points S and S^ 

Draw a line PO perpendicular to the tangent j;?/; and 
from the given centers S, S^, S''^, &c. draw lines S/ and Sjr^ 
SY and %y, S^7^" and S'>'% &c. perpendicular to the 

Vines PO and jkP/^ &c-,; then will J^=/x ^sb/ x ^=fc/''^, 

p/" 

— 7,db&c. (where PO is the radius of the circle having the 

fame curvature .as the curve in the point P), atid I^=:/x 

-^dr/x ^:±: &c. (Where A denotes the arc of the cnrve PH); 

from the data may be deduced all the quantities contained ia 
the above mentioned two equations, except y* and/''; and con- 
sequently from the two given fimple equations be deduced the 
forces fought/ axid/^* 

2, Let the velocity of the body moving in the given curve 

be fuppofed always uniform ; theii/x ^=t/ oc ?|, ±f' x ^^ 

&c. =.(?. ' • : 

Ex. Let the curve HP/ be in'dlipfe, atid thfctWo foci S and 

S^^ the centers of ifprces ; then will/x ^=f^ x ^, but the angle' 
SP/=:STy, and confequently ^ = |f^ and /=/'; but .fince 

-L>c -the force tending to each focus» 

In 
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In thefc and the fubfequent cafes the lines Py, Py, Vy\ 
Zee. are to be taken negatively or affirmatively, as they arc 
iituated on «the fame or di£ferent fides of P; and in the fame 
manner the lines P/, Vl\ Vl'\ &c. are to be taken negatively 
or affirmatively as they are fituated on the fame or different 
fides of the tangent yV/^ &c. 

3. Let the centers M, M^ M^', W^\ 8cc. of forces be 
points not fituated in the plane of the given curve HPI, &c. 
and the forces y^^% y^''^, &c, tending to each of the centers 
M'\ M'"^ &c. (except three M, M^ and M'Q be given'; to find 
the forces yi /\ andjT^^ tending to thofe three points M, M^ 

andM'r. , ' 

Draw MS, M^S', M^^S'^, &c. perpendicular to the plane 
HPI, &C. from the above-mentioned pointSj and affume the 

M'"S'" 

*/'" " ^M„,sU^.5,JJyl +&c-=''. ""J *« two preceding equa- 

jf' X ^^f X ^!=*=&c* 5 from the data may be found all the 

quantities/''''^ /^% &c.; and confequently from the abbv^ 
mentioned equations may be deduced the forces yi f\ znAf^\ 

4. Let the body move in different planes, that is, in a curve 
of double curvature at the fame points; draw PR a tangent to 
the curve at the point P, and PQ an arc of the turve of double 
curvature ; draw alfo two planes PRV and PRT, cutting one 
another m the line PR ; from the point QJet fill QV and QT 
perpendicular to thofe planes refpedively, and from the points 
V and T draw Wv and T/ refpeSlvcly perpendicular to the 
line PR ; let t^ be the velocity of a body moving in the given 

VoL.LXXVUI. L curve 



curve at the jwiut P, and affume -^= aC and ^=-aG^ respec- 
tively; from the ^Iven centers of forces M, M', M", M^^^, 
.&c. .draw MS, MS', M^'S";, M'''S''', &c.: Mj, MV, M'V% 
.M'''^s'^\ §cc. refpefltiyely perpendicular to jche two planes ^PV 
and RPT; and PL and ?/ perpendicujaj to the line PR in the 
f^me two planes RPV and RpT ;' and alfo SP, ST, S"P, S'^'P, 
^c. I f^i jrfP, /'P, &c. : from the points §, S', S'', S'", &c. 
/, /^ /, ^c:. draw tl>e lines SH, S'H'...S''H", S'^'H'", .fee. 
^6f. i'b'i i"k'\ ^"tf'% &c rclpedively perpendicular Jo the 
%s ^L ?nd P/j and ^, S'K', %"Y^\ S'"K'", ^c. f>t; /;K, 
/'')6'% /"*''% &c. perpendicular to the lineRP; and let the 
for«.9s/<;/,/'''',.,^c. tending to aU th? point? M^.M'''', .&c. 
^^q^pt,^repj M, M'j, aod'M'') be given j then from the three 

jtiven equations ^ = jj^ x/* j_ x/ * j^^ x/' =t ^c. aiid -. 
J^ x/*=I*lx/'^I^x/"=t&c.and Z^-]^x/*Elxi 

'T^.ap ^/^'^M-F' y r^WP y ~ ■ • • A- -MP / . MTP ^ ' 

=i=&c. which cont^n only three unknown (Quantities, can be 
deduced 'the forces f^ f, and f'\ required^ ten^g to the. 

P R O P. V. 

I^eta bod^^ld^ed pa hy JTorces fendbg'to any jpven points 
§jS', S''^ia;..iiM^v£ ja ^ giy.ep $urye, f:p find i^ velpdt^ in 

•Fiiid.th^ai»entof'theflHpoa (/>< g*/' x ^[=±5/-'' x^^ 

i" ^ P-S'^>^<=f) hpfPr^'ty^^ty'^ &c. == -vv whe4 
thfr^roet aaeaUtconraiftoi in tkejfamp flgfie ^.pfr tbe.jB^efit of 
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^"'m-^'^'W'-^^ (^^'^ Untamed la 

different planes) =r/x VM^/' x PW^f' x pM^i &c. - 
fit f)db/^ X &=±:f'^ X fyr^iee. I biM: fmcfc /, f\ r\Bsc. ac^ 
given fanftions of the quantities D, D\ D^""^ Jcc. the floents 
of /x D, f X ly , /^' X D ', &c. can be found ; which, when 
properly correfted will be as --- s $ the fquare of tho velocity iu. 

any point P. A denotes the ate of the carve, and D, IX^ iy\. 
&c. the refpe£live diftances of the body from the centers of 
forces. 

Cor. The increment of the tithcr of deftrlbihg' any arc of 
the above-mentioned cUrve will be as the incitment of the 

arc =a A divided by the velocity found above, and confequently 
the time itfelf will be as the fluent of it properly corredi^d. 

p 4 o p. VI. 

I. Let a body ifidve in any ciihf'fe^ and be afted on hy forced 
tending to any given points, S, S\ S^\ S"'', &c. ; all of which, 
excepf the force/ tending totHe polrit S; let bd ^verfj tb Srifl- 
y the force tending to §• 

' Let §f, S>', S'y% &c. be porfieridifetilat to the tangciit fy 
of the curve at the point Pj refolve the forcesf^ /^/^% f\: 
&k. Ending tb S< S', S'', S''', ^« refpeai^ly intot«kr6 forces, 
of w&i^ one lias perpetidiculur ttf: Vy; the othbr, S/^ 9^/^: 
S'T% &c. perpend&ular to POjj w4iich is perpendicular t«I^j^ 
let PO be ra^^i of the circle of the fame curvature as tHe 
ckt¥e/ 3fia^ il atib V6k>clty 6t ft€ iRk^ A thb pchit Fr tbfeu 

L 2 I chord 
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} chord of the circle of curvature, which pafles through S» 

write C ; and for PO x (db/' x %^f' x |^=i=&c.) fubftitutc 

H, and for g write B; and for =t=/'xg=i=/''x g + &c. 

fubflitute D, and the two preceding equations become v^:=z 
yxC + H and — w=:(^+D)A, where A denotes as be- 
fore the increment of the arc of the curve : from the firft 

• • • 

equation w«^^^^i^±^= - (B/'A+DA) and confequcntly 

C/*+ (C + 2BA)/+ H + iOk = 0^ from which fluxlonal equa- 
tion .may be deduced the force / tending to the center (S) 

/iBA /* *BA 

« -^ ^. c xf{fiL^%Dk)xeJ ^ , where e is the 

number, whofe hyper, log. » i. 

Cor. Fig. 1. Let/%/'^/% &c. be each =0, then will 

D =? ^, H a 0, and confequently f{2pA + ft) ^ ^ "^ ^ ■■i 

/iBA_ >BxS>xPO ^»y 
- -., ^ - ^ . "<^ ^ CxPjr -Sjr « ^^ 






— tf 



^-i X e •^ ^ ; whence/=^^ as is generally known^ 

where a denotes an invariable quantity. 

Cor. The force / being found, the iquare of the velocity 
may be deduced from the equation i^^^/^xC+H, and the 

time firom the fluent of the fluxion ^ a • 



" y/^xC+H 

2. Let the body move in a curve of double ctinraiture, and 
let the forces/",/':', &c. tending to all the points M'', W\ 
&c. (except two, M and M') be £^ven; to find the forces 
tending to the points M and M', 

Afliim* 
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Afiume the three equations before given in Prop. 4. viz. 

C -MP -^ M'P J M"P ^J "^' C -MP J^Wi -'^ 

pz pi/ • 

&c. s — m/:±: jpj x/'=±: &c.) X A , ftom the two former may be 
deduced the equations w;=:fl/+/3/*'+/« 4-^/3 +y, and w;=:, 

'f+e'/'+fi+re'+y'. wher. . = ^. ^ . * ^'. 

£^ >'=*lC'(^'=.i^=^.). wh«c. may 
be derived the two equations «^+i^'+/K+/'i3+y = «/+i 

rfc&C. =:&C.)xA. 

Reduce thefe two equations to one, fo that f\ f'\ &c. and. 
their fluxions, may be exterminated, and there refults a 

fluxional equation of the formula H/'+K/*+I/+M=:^, 
where H, K, L, and M» are fundlions of one of the before 
mentioned variable quantities (for example, MP:= \y) which 
may be fuppofed to flow uniformly, and its fluxbn. 

P R OP* VII. 

I. Fig. 6. Given the force tending to any point S, the veIo« 
city and direction of the body ; to find the curve deicribed. 

Let the body a^led on by a force / tending to S, at the dii^ 
tance ly from S be projected in the direAion PT^^ with a 

7 yelo* 
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velccity Hj and let the perpendicular frotft S^ to-thfe tan- 

geiit P'Y^ be A; froni the general fluent oifxV>$ where 
D denotes the diftance from S^ and / h z funftion of 
JD, prbperly corrected find its velocity V at diftancc D, 
aiid confcquently the perpendicular SY from the cfcnter S 
to the tangent PY at diftance D=SPt which will be 

-^ = SY ; but A and H are given quantities, and V a known 

funiStidn of D; therefore SY wd v/SP^D') -SY*=:PY will' 
ibfe Kidw^i f imports (if D ; and from the fimtl^r triangles 

SiPY and PQT may be dediiced PT : SY :: PT=.D : QT, 
and confequcntly SP x QT a D x -^^ C^hich is .a known 

fun<9!idii of I> multiplied into D) will be as the increment of 
the irea defctibed round the center of for;ce, of whicli the 
^uent property tdfn&td ii pr^rti<Aiiil to the area defcribeil 
round the center of force, and confequently to the time. In 

Sv X D OT * ' 

\]ke manner, jp-p?-*^ (proportional to the increment of the 
angle: dbicribed by the bbdy lound. S) is a fnndion df D m\iK 

tlpliedliifb D| of which the fluent properly corre£tedf or angles 
will be as a ftin6^ion of D* 

i.'x. Fi^ 7. Given the aboife«*mehtioned fbtcet ttCi to find: 
an equation expreffiog^ the relitton between the ab^ift SMc=» 
and ordinate MP =5^ of the curve defcribed, and their fluxions* 

From the fimilar triangles ¥po and LPM can be deduced 

^:2^=:L&; 'it^ cohfeqtieotly Tfis:i/7Tf : /»«> :t LS» 
3*1^. : gy.'^^ . but Sl^ 18 a fimaion to be deduced" 
5 «• 
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as above of §Ps?v/«'+;'% wb^nc^ the fl\|xional equtKioft 

2. Fig. 8: Let a body be a£led on by atty number of forced 
(/,/%/''^/'^^ &c.)in tbc fanac plane tending to ihp givcoi 
points S, S^ S^'', S^^^, &c. ; tp find an .equation ^xpreflijnig the 
relation between SP = D and 'ST = D', and' their fluxions,. 
where P is a point fit\jated iij tl?e .^cjurve which the. bpdjf 
.defcribe?. ». ^ ^ 

Suppofc YP 9 tajigent ^ta the .curve at the ppint P, and P!^; 
perpendicular to ijt ; and f;efo|ve, all the forces tending to S^ S%, 
S"', &c. refpedtively iato,tw:o Others; one in the diredlionPY* 
and the other in the direaJQn PZ; fubttitute fbc 5P, S'P,, 
gz/p^ g/z/p^ ^^^ refpeaively'D, D^ U\ D^% &c. ; and fyppbfe 
SY, S^^ S'T^ S'^^Y^^% ate.^ pcrpeadicjuhr to the lioe RYt 
then will the triangles PQT a*i4 Sf^Y, PQ^T' and STY' fee 
fimilar, where PQ^dsi^otps ^ ry^eyy fbaall arc> atj4 QJ ^iid^ 
QT'' arc perpendiculan to the lines SP and S^'P; hence PQ=* 

-— - = -py- = i>y := -pY^ J and confequently PY : P Y' 

:: i) X D : D' X ly ; iand if the -quantities D, DV D and D'' 
are giyen, the ratio of PY : PY" will .bi ^vf»;^ wJ^ich. Jt?/?Hig 
given, together with the line SS";;;<7, the lineg PY j^jd PY^ 
SY itnd S'Y''., can ^ found ; for^ drawijijig SJ-. pr^llel to PY,. 
and meeting S'Y" in L, let PY'^^wxPY, tlien YY^« 
X»»=fci) PYsSL, IV=^(SP^wPY^)=::^(D^^PYO» SX 

^j[iy^-.mTY*)=fc:y^(DVPY*); and SS^^ k SL* + L^ aa 
dquation. io .wji^ch all quaiitities (except PY^ are.given^ anit 
jCO^fequently PY is determiiied by an equation, which wifl' be 
a q^ua4ratic J but PY being ifound,, from thence PYVS^Y-anA 
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S'Y' may be deduced, which are confequently all fundiomf 
of D, D', D, ly, and invariable quantities J and their 
fluxions PY', SY, and S'Y' funftions • of D, D', 
D t>\ D, and D' : from the fimilar triangles before given 

• • 

SY : PQ = BJ :: FY : 2? = PO* the radius of curvature 

PY SY 

hence PO is a funftion of D, D', D, t>\ and D% if D=?o ; 
and from D, D', SS% D, t)"^, and the point S" given in pofi- 
tlon can be determined S''P, S'T"and PY''; for let S"i& = C 
be drawn perpendicular to SS'«tf, and SArr^; then will S/ (if 
P/ be a perpendicular from the point P to the line SS'} = =*= 

"'"^Tr^^ * ^^^ ^'^= =^ '''"'"al"^* » an<i P^= \/(SP' " S/*)* and 
S'>P = ^((^=i=S/)* + (C=isP/y);.draw S''Y" perpendicular to 
the tangent PY, .^ad cutting the lines SS' and SIC parallel to 

PY in and n refpeftively ; then will ob = ^"""^^SfY^^^/^j^ff^'^'^ , 

Sf'^=£^ ; (and from the firoilar triangles S''fl/& and So»)o»=i 

n,^ob)x±i whence S''Y''=±z^"o±on:±:%\ will be a 

ktiown fundlon of D, D% D and i>\ and iQvariable quanti- 
ties : the fame may be predicated of fimilar lines drawn to the 

centers S% S'^^ &c.; and confequently (/xg=i=/'x~ 
=±:/''x^*/'''x~:i=&c.)xA (where A, as before, de- 

notes the fluxion of the arc of the curve) =i/xDrfc/''xD'=fc 

/''xD":±=/'"xD'''=!=&c.= -vy, if V denotes the velocity; 

but as /♦/%/",/'". &c. are fun£Hon8 of D, IT, D", D"\ 

&c. refpedively, the fluent of the above mentioned quantity 

ft>zs=fiy^J"ty'dt^icc, can be found in terms of D, ly. 
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t)'^ iy'\ &c. from the fluents of the fluxion8/D,/^D^ &c.; 
and confequently in terms of D and D', which let be Z, then 

wmz=:^^. but ^=-2Z=pox(/xg*/;x|^'=i=/" 

X -^^^f'^^ X __=fc:&c.) a fluxional equation of the fecond 

order expreHing the relation between D and D% and their 
fluxions. 

2. To find an equation exprefling the relation between 
Ar=SM and ^=MP, where SM (a?) is^the abfcifs beginning 
from S and continuied in the line SS^, and MP ( j^) the per- 
pendicular ordinate of the curve defcribed by a body aded on 
hj the above mentioned forces: in the fluxional equation 
found before for D and D' and their fluxions fubftitute 
(:t'+/)4 and ((SS^=i=;t)*+y)* and their fluxions, and there 
refults the equation fought. 

Car. It eafily appears, that the general fluent may contaitt 
two invariable quantities to be affumed at will, or according to 
the conditions of the problem ; that is, at a given diflance the 
velocity and the direction may be afTumed at will, and confe- 
quently the general fluxional equation exprefling the above* 
mentioned relation will be of the fecond order, if no fluents 
are contained in it. 

Chr. Prom ^y and Vy\ and the points S and S' being given, 
can eafily be deduced geometrically the diredion of the tan- 
gent and the lines Sy, S/, &c. ; for divide the line SS'' in r, 
fo that Py=i=Py : SS' :: Vy : Sr, and through r draw the line 
Pr, the perpendicular to Pr through P will be the tangent 
yPy^i to this line the perpendicidars from S and S' will be the 
lines Sy and Sy required. 

VouLXXVIIL M Cor. 
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Cor. From the fluent of the above-mentioned fluxional 
equation may be deduced the velocity V in terms of D and D'' ; 

and from the fluent of - — rr-, which is a funSion of D mul- 

P^x V ' 

tiplied into D, may be deduced the time. 

3. If the plane in which the body (P) moves, and all the 
forces f\f''yf''\ &c. tending to points M , }Af\ Mf^\ &c. not 
fituated in the fame plane (except one f tending to a givea 
point M) be given , then the force tending to that point can be 
found, and the curve defcribed. Refolve all the forces tending 
to the points M, M\ M'\ M'^\ &c. into t^ others ; one MS, 
M^S, M^'S, M^^'S, &c. perpendicular to the plane in which the 
body moves, and the other SP, ST, S"T, S'^T, &c. in the 

plane ; then wiU/x j^pdb/' ^y^^f ^ -W^—^^- ^> ^0°^ 
which equation f the force tending to the point M may be 
found ; then, from the preceding propofition find the curve, 

which a body agitated by forces /x^, /'x^,/-x^, 

&c. tending to the points S, S', S^', &c. defcribes, and it will 
be the curve required. 

4* If the body moves in a curve of double curvature, and the 
forces fjf%f^% &c. tending to all the centers M, M\ M'% 
M^^V &c. be given ; from the fluent of the fluxional quantity 

(/- r.*/' "• m-^f" " m^f" " S«« ) " * (a aen„- 

ting the fame quantity as before) =/x MP=i=/^ x MPztzf^^ )C 

M'Pz*=f X M'^T,=i=&c. =/x D±:f X D'dtzf X &'=tzf X 

iy''=t=&c.=Z=-w (/, /% /^ f'\ &c. being given 
funftions of D, D% D^', &c. refpeftively) can be deduced 
the fquare of the velocity =; j- 2»» which will be a fundion of 

3 D> 
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D, D', Ty\ D''\ ly''', &c., and confequcntly a funaioii of 
D, D', ly^^ eafily to be derived : fubftitute this funftion - 2z 

for v' in the two following equations ^^F'^ and ^, = F^'', 

where R'' and R'''' denote the radii of curvature in two different 
planes of which the tangent above mentioned iii Prob. 4, art. 
4* is their interfeftion, and F^ and F'' the fum of the forces in 
lines perpendicular to the tangent, and in the refpeflive planes : 
from thefe /orces, calculated in terms of the diflances froqi 
three given points D, D', and D^^ ; or in terms of two ab- 
fciiib and one ordinate, and from the radii R' and R'^ may 
be deduced two fluxiorial equations of the fecond order, ex- 
preffing the relation between three diftances Dj D% and D^\ 
&c, which may always be reduced to one fluxional equation of 
the fourth order expreffing the relation between one abfcifs and 
its correfpondent ordinates, or the diflances from two giveii 
points. 

5. The general fluxional equation exprefling the relation be- 
tween the diftauces from two given points will be of the fourth 
order, if no fluents are contained in it ; for it admits of four 
different quantities to be aflumcd at will, or according to the 
conditions of the problem. 

6. If fome points, to which the forces tend, are (ituated 
at an infinite diflance ; that is, fome forces always ad parallel 
to themfelves ; from the given forces afting either to given 
points, or in parallel direftions, by the equation fx D:±=/'^ X 
p/^^// y^ O^^dtzScc. = - w; can be deduced the fquarc of the 
Telocity at a point P in term? of the diflances from two given 
points, or of an abfcifs and ordinate ; if the centers, &c. and 
parallel forces are all fituated in the fame plane : or in terms of 
the diflances from three points, or two abfciflk and an ordi- 

M 2 nate. 
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natc, if fituated in difi^rcnt planes ; from the centers, &c. 
and forces given, find the fum F of the forces in any direc* 
tion (^PL) (^the dircftion of the tangent excepted) afting on 
the body at the ponit P, and the chord of curvature C of the 
curve at the fame point and in the fame direction ; in the equa- 
tion a;*=s f F X C for -y* fubftitute the value found before, and 
there refults an. equation expreffing the relation between the 
diftances from two points, or an abfcifs and ordinate, &c. if 
the forces a£t in the fame plane : but if the forces aft in dif- 
ferent planes, find the fum F and F^ of the forces at the point 
P in directions which are not both fituated in one plane with 
the tangent and each other ; and alfo the chords C and C^ of 
curvature' in thofc diredlions in terms of the diftances from 
three points, or two abfciffae and one ordinate^ &c. In the 
equations v*=i F x C and i;* = | F^ x C for v* fubftitute its 
value found from the principles before given; and there refult 
two fluxioual equations of the fecond order expreffing the rela- 
tion between the diftances from thtee points, or two abfciflae 
and an ordinate, &c. 

PROP. VIII. 

Fig. 9» Let a body move in a curve P/, &c. and be aded 
on at P^ by a force f (which is as any fundion of the 
diftance SP^) tending to S ; let the velocities at P and p be 
reprefcnted by the lines YP and^^ in the diredtion of the tan- 
gents to the points P and /; rcfolve thcfe forces YP znA yp 
into two others Y^ and k?^ and yl and Ipj of which one kY 
and yl is parallel to the line SL ; the other ^P and Ip is pa- 
rallel to MPtc let a body fall in the right line LS, and the 
force afting on the body at M^ be to the force z&xng on the 
body moving in the curve at F :: SM' : SP', and P'M^, PM 

and 
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tnApm be perpendicular to SL; then, if the velocity of the 
body falling in the right line SL at the point M be kY, the 
velocity of the body at the point m a£ted on by the above men- 
tioned forces will be^. 
This is eafily demonftrated from the refijliition of forces, 
2. Through S draw SN parallel to PM or pm^ &c., and 
aflume in the line (SN) SP-PM and Sp^pm, and let the 
force at P^ in the line SN and diftance —]sAf?' : the force of the 
body moving in the curve at the diftance P'S : P^M^ : SP'' ; 
then if the velocity at the diftance SPzzPM be Vk^ the velo- 
city at the diftance Sp=:pm will be p/. 

Cor. The force in the direftion of the line SL vanlflies in 
the point where a perpendicular SN to the line SL paffing 
through the point S cuts the curve, and confequently the 
velocity in the direction of SL in that point is the greateft or 
leaft, &C-; but if the tangent of the curve be perpendicular in any 
point to LS, then the velocity in the dire£Uon LS is nothing: 
the lame may be applied to the velocity in any other diredion. 
Ex* Fig. 10. Let a body move in the circumference of a circle 
SPA, of which the center of force is a point S in the circum- 
ference; it is known, that the force in the dire&ion and at the 
diftance SP is as SP-5 ; but the force in the direction SP is by die 
hypothefis to the force in the diredlion (SA) :: bP : SM, if PM 
be perpendicular to SM, and confequently the force in the 
direction (SA) is as SM x SP-^ ; but if AS be a diameter^ 
AS X SM = SP* ; therefore SM x SP-^ = SM x AS-3 x SM-3 := 

-j^ ; and the diameter AS being given, the force in the line 

SA varies as SM~**, that is, inverfely as the fquare of the diA 
taace: if the force varies as SM'**=«"S then vv will vary as 
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— ^ , where v denotes the velocity ; and v* will vary as 

-1 — -L, which agrees with the fquare of the velocity deduced 

from the preceding principles ; for v = PY the velocity at P is 
inverfely as the perpendicular SY = SM let fall from the center 
of force on the tangent ; but SA* : 2SP x PA :: velocity PY as 

J- = JL : p/ the velocity at M ; whence P/* (the fquare of the 
velocity at M) = ^-^^^ X PY* which varies as ^^^^^* X 
4?^ =^^5^'. and confequently as^-^ the 



SM* "■ S.V X SM "" SA^x* ^ -^ * SA 

fame as above, 

z. Fig. 9. If any number of forces a<9t on a body at P in 
any given dircdlions parallel, or tending to given points ; re- 
folve all the forces into two others ; one in a given direflion 
SM, and the other in a direction PM perpendicular to it; of 
which let F be the fum of the forces refulting in the direftion 
M;wS, and f the fum of the forces refulting in the direction 
PM ; refolve the velocity V of the body at P, which is in the 
the diredion of the tangent PY, into two others W and V'% 
one in the dire6lion parallel to the line SM, and the other per- 
pendicular to it : in the fame manner refolve the velocity v of 
the body at/, which is in the diredion of the tangent^, into 
two others t/ and v^\ one in the direftion parallel to the line 
SM, and the other perpendicular to it : then if the velpcity 
of the body moving in the right line SM at M be Y\ and it is 
conftantly adted on by a force = F, the velocity of the body at 
m will be^y^ : and if the body move from P in a direftion per- 
pendicular to SM with a velocity as V^\ and be always afted 
on by a force yj the velocity at the diftancc PM-/« will be 



v''. 



Cor. 
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Cor. From the forces given and the velocities in the above 
mentioned diredions at the point P, can be deduced the veloci- 
ties in the fame directions at the point/, and confequeutly the 
tangent to the curve at the point p. 

? R o p. IX. 

1. Let the refiilance of a body, moving in a right line, be as 
any fundion V of the velocity v ; then will / = ^ , ^v =» 

^^ ; where /, v^ and x, denote the increments of time, velo- 
city, and fpace ; their fluents properly correfted will give the 
time and fpace in terms of the velocity. 

2. Let a body move in a right line, and be afled on by an 
accelerating force in that line, which varies as any fundlion X 
of the diftance x from a given point ; and refifted by a force 
which is as any function V of the velocity v into its denfity X% 
which varies alfo as a funflion of x and v j then will (X+^VX^) 
x- = — vVj from its fluent x can be found in terms of v, or v 

in terms of x\ and thence /= /^ ■ , of which the fluent 

properly correfted gives the time. 

Ex. I. Let V=:a;* and X^ a function of x^ that is, let the 
reflftance be as the fquare of the velocity and denfity, whence 
(X + avU!) X = — w, of which equation the fluential will be 

e/*^x-^t^ ^ A/^-^'^xXx+A, and/ = 



2 



f: 



— + B, where A and B are 

invariable quantities to be afiumed according to the coudi-^ 
tions of theproblenu 
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1.2. Let ^'=: X' and X=s^, which is fuppofed to correfpond 
nearly to the ftate of our atraofphere, then will t>* = — 
2 X r-/»^ ^ X fef^^"^ X Xx = - 2 X ^A-'y^A'^* X ^Jc = - 

2r-*«'-*x ^ A*'**'*"*X^x+ A), r being the number, whofe 

hyperbolic log. is i, and h and A quantities to be affumed 
according to the conditions of the problem. 

1.2. Let X=:X\ and it becomes Xx^ ""^. ^ and /= 



X(i+«V)- 

2. LetX bean homogeneous fun£tion of onedimeniion of ;r, 
that IS, =:axj and V a fimilar function of n dimenfions of v^ 
that is = bnf^ and X^ a fimilar funftion of r dimenfions of x and 
v, and n + r=i ; then by fubftituting zx and its fluxion for v 
and its fluxion, can be found the fluent of the fluxional equation 
(X + aVX^) x = - w;, and confequently the velocity and time 
by the quadrature of curves in terms of the fpace ; and in like 
manner of many other cafes. 

3. Fig. 4. Let a body moving in a given curve be afted on 
at any point P by a force^ tending to a given point S, and 
refifted by a medium proportional to V a fundion of its velo- 
city multiplied into its denfity X" a function of the diftance 
SP a D ; to find its velocity, time, and diftance from the given 

PY 

point S in terms of each other. Let F =y^X gp the force inr 
the dire(SHon of the tangent PY, and confequently (F + 

VX^A= -OT, andv ={ Cx/, where A is the increment ef 
the arc, and C the chord of curvature in the direction SP ; but 
iince the curve is given, the chord of curvature may be de*^ 

duced from the diftance, &c. and the increment A of the arc 

from a fundion of the diftance multiplied into the increment 

4 of 
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of the diftance; then, if/or ^ b^ a given fun€kion of the 
diflance, the other may be deduced from it, and confequently 
— w=z^ : (D) xD will be a given fun<aion of the diftance D 
multiplied into D, whence we have (p : (D)xD = D(jrx 

P Y 

— +X^V) divide by D, and there refults an algebraical equa- 
tion, from which V xX^ may be found. .; . 
If neither v nor / be given, reduce the two eqjijitioas 

(/x^ + VXO A= - w and v'-'i Cf into one; fo as Ki i*- 

terminate either y or V and its fluxions, and there refult^ an^ 
equation expreiling the relation between the other v or/ and D 
and their fluxions : from the velocity given in terms of D.may ; 

be deduced the time from the equation /= — . ^ * ' * - * 

3.2. If the body be afted on by forces tending to mpre points 
S, S% S'% S'^% &c. in the fame plane j r^folve each of the forces 
into two; one in the direftion of the. tangent, and the. other 
perpendicular to it ; let the fum of the forces in the direftion 
of the tangent be F.; and in the diredlion perpendicular to it 
be F' ; and 2R the diameter of Qurvature at the point P,:whioh, 
will be given in terms of the diftances frorti two points, or of 
an abfcifs and ordinate, and their flukions, &c. : ailume the 

two equations before given (F + X^V) A — — w and v^ = F'R, 

and fince A is always given in Jerms of D and P, if F and F^ 
be given in terms of D, D^ &c. the value of V x X' may 
be acquired by a fimple algebraical equation: bu^ if F and JF' 
be not given, and confequently v not giyen, b^jt V a. given 
fuaflion of V, and X^ a given fundlion Qf the, above mentioned 
diftances ; then fqbftitute for v Its value y/(F^R) in the func- 
tion V, and the fluxion of f F^R for w), and there will refult 
Vol. LXXVIII. N an 
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ati tqU&tion itiv6lvii)g D and F^ and their fluxions, and F ; Sut 
if the fbrceft tending to all the points btit one are given in terms 
of the didance D» or abfcifs or ordinate of the curve, and their 
fluxions; fhen from F' can be found F, and, vice n)erpi^ 
from F can be found F', and confequently there refults a 
fluxional equatbn exprefling the relation between F or F' and 
the diflance D or D"", &c. or abftlfs or Ordinate, and their 
fiuxiohSi 
From F and F^, and confequently v being found In termr 

of D, ly, &c. Can be deduced i^%.. 

» F F 

The fame method may be applied, if fomd fbrtes tend to ati 
infinite difjlance, that is, ad parallel to themfelves, and others 
tend to given points, . 

Ex. Let the accelerating force be dire^y a$ the arcs ;i^, and 
the refiftance uniform = tf; then will (-v-j) x=-w, and 
confequently ;r* - i^at +6 s: — v* ; let A be the afc, where the 
velocity = o ; then will the equation A* - laK ^x^ + zax = v*, 

and .the increment of the tim§ i^ Isr ■ %■ ' . ■■ — ^ ■ w 

whofe integral is^^xbc of a circle, of which the radius is 

A-4and coHit^-j, where A is the diftance of the point 
from which the body begins to fall, and the lowed point of the 
curve s and the accelerating force ;c - ^ is as the diftance from 
a pomt (ajol a curve, of which the diftance from the lowcft 
IS a. 

. Cor. The timet of the body falling from any point of the 
curve to ii will ht equal* 

Cor. The body on this hypothefis will either reft at the 
point a^ or at the lowdft point, or any point between -)-tf and 



- tf ; for It may reft ^t any pqin^ w^ere the r«^i]tu)g fiifce Is 
always equal or greater than the accelerating force. 

Cor. Let n he, (he numbex yf vibjratioQ^t thei]i .l^iiiAance 
of the arc, to which it will afcend from the law^ y^nt.at h 
vibrations^ will be A-r-tMi li hf^tm bo not g^ioatttr thaa 
a^f^ it will never pais the loweft point. ^ - [ur m ' 

{^ilofophtcal enquiries roqiiire fomq qorreftipo^i- g^Usl^.^D 
tiot enter into aiatfaeoiatical calculus; for eiampley 4ft (90ip 
caies the calculus changes the quantities /com negajliffc fijst^r- 
Illative, &c. when from philofophical coofiderations fhcgii are not 
dia^ged ; aiid^ vkeverfi^ they may be changed to affirmativet 
&c on philofophical confideratibnsy wlien they are not changed 
&om the calculus : and alio a body may ilopt &c. from philo- 
fbphical coniiderations, as in the precedbg example^ whcia it 
does not follow from the algebraical calculus, &:c It is fur- 
ther to be obferved, that reiiftances are always to be taken 
affirmatively* 

Ex. 2. Let thfe accelerating force be as the arc, that is, the 
dillance from the loweft pointj and the. refiftance as the velo» 

city; then will the fluxional equation (F-V) A =: -*v«; be 
(ax'-v) x=s — w, which is an homogeneous equation of the 
firft order : write in it %x for v^ and its fluxion fbr v'^ and 
there refults the equation (^jp-«*f) 5^xs= -»^*i-%*«v, whence 

(if— ») is — J5;ri-»*x and - — ' ^^ ^ , and thence log. x-zz 
-1 log. (tf-2;+a*) (W) ^ xcin arc, whofe radius is 

-ii^ and tangent (%-i)+B, whence can be found vz:x%^ 



and fmm curvilinear areas isz f , 



N 2 If 
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If 4^ IS lefs than i, then it becomes log. ats W L= X 

log. "^ 1^^^ + B ; where B is an invariable quantity to be 

aflumed aceocViitig to the conditions of the problem. 

Cor. If the force be dired):ly as the diftance, or as the arc of 
the curve from the body to the loweft point, and the refinance 
ae the velocity ; then .wiU the velocity in one arc be to the 
velocity in the Cdrrefponding point of another arc> as the arcs 
to* be deferibed ; and confequently the times equal. 
. 4. If the body is aAed on by forces tending to points S, S^, 
S^% &c. fituated in difierent planes, then let F be the fum of 
the forces in the dire£lion of the tangent at the point P ; F^ 
and F'^ the fum of the forces a£kmg on the body in two dif- 
ferent directions at the fame point, which are not fituated in 
the fame plane with the tangent apd each other ; from the 

three equations (F + X^V) A= - w) and ^* = jF^ and t = | p', 

in which the fame letters denote the fame quantities as be- 
fore, and C and C^ denotes the chords of curvature in the 
fame direftiqns as the forces F'' and F^^, which from the curve 
being given can be found at any point ; and if F^ or F''' is 
given in terms of the diftance from a given point, or an 
abfcifs or ordinate, &c. the velocity v can be found in terms 
of the fame, and X^V by a fimple algebraical equation : if F^ 
is not given, and V is a given fundion of v, fubftitute in V 
for V its value ^(i C xF'^, and there refults an equation ex- 
prefiing the relation between F (which can be deduced from 
F' or F^'') and the diftance of the body from fome given pointy 
or the abfcifTas and ordinates of the curve xequiredi and their 
fluxions. 

If 
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I^^fbme of the forces a£t in parallel directions ; the forces, 
velocities, &c. may be found by the fame method. 

PROP. X. 

Fig. 1 1 . Let a body be projefted in a diredion HL with a given 
velocity, and be a£ted on by a force in a direction parallel to AP 
=:x, which varies as X a fun£tion of xi and alfo by. another 
force in a dirediion parallel to MPs^, that is, perpendicular to 
AP, which force varies as Y a fun&ion of y ; and let it move 
in a medium, of which the rei^ftance is proportional to the 
velocity ; to find the curve defcribed. 

Find the fluent of (X + ^v) x— - w, which correfted ac- 
cording to the conditions of the problem {yi%. fo that y at the 
point H may be to the velocity of projeftion :: He : H3, 
where fc is drawn perpendicular to AP) fuppofe vnX^; find 

the fluent of ^, which corrected fo as to become se^, when 

;r = AH, let be 1L^\ In the fame manner find the fluent of 
(Y +iiV) y^ - v^v\ which corrected, fo that v^ at the point H 
may be to the velocity of projeftion :: cb : H^, fuppofe t/= 

Y''; find the fluent of :^,, which correded fo as to become=d, 

when.PM = i7, ietbe = Y'^; aflume X'' = Y'', and thence from 
X findj^: take AP = ;if and PM;=j^, and M will be a point in 
the curve, which a body projeAed in the line HL. dcfcribes ; 
and if 'Mm in the direction parallel to HAP : mo perpendicular 
to it :: velocity v : velocity v\ then will M^ be a tangent to 
the curve in the point M. 

2. If a body is afted on by forces tending to any given points 

S, S', S''^, &c. which vary as given functions of their diftances 

from the body, and refifted by a force which varies according 

to a given fundlion V of the velocity (v) into its decfity X^ 

4 where 
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where X' varies accordiiig to fome funftlon of the dtib^ces 

from the given points, &c. ; to find the curve defcribed. 

I . From the diftanccs of the body from two given points, or the 
abfclfs and ordinate of the curve de^ribed, and their fluxions, 
6cc« find the forces acting in the diredioa of the tangent to 
the curve^ and in focne other diredion, which fuppo^F^tn^ F^ ; 
and alfo the chord of curvature in the above mentioned direc* 
tion, which kt be C; then from the equations (F-j-VxX^ 

A = - w and i;* =■ f Cx F reduced into one by writing for ti* 
its valiae in the fun£lion V, and for vv its value deduedd 'from 
the equation v* = i C x F, and for A (the fluxion of the arc) ' 
its value deduced from the diftances, &c. will refult an equa-' 
tion expreffing the relation between the diftances from two 
given points to the curve, or its abfcifs and ordinates, and - 
their fluxions. 

3* If the forces are not all iituated in the fame plane, then 

from the before given equation (F + V X X') A =; '^ w, and the 
tvfo others ^ = { C x F' and v* =: 4 CT^', where F denotes tlie 
force in thedire^ion of the tangent, and F^ and F'^ are the 
forces in different direftions, which both are not iituated in the 
fame plane with each other and the tangent, and in which 
direftions the chords of curvature are relpeftively C and 

C ; fince the quantities F, F^ and F'^' ; C and C and A (as 
proved before) can all be exprefled in terms of the diflanjcea 
from three given points, or from two abfciflse and one ordinate, 
and their refpe^live fluxions ; may be deduced two fluxional 
equations exprefling the relation between the diftances from 
three given points, or two abfoiflae and an ordinate, &c. 

The fame principles may be applied to cafes, in which fome 
of the farces ad in parallel direAions. 

I On 
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On mcveable Centers. 



p R a p. XI. 

I. Given the refpedive places of (h) bodies S, S", S'", S''% 
&c. in the curves A, A\ h!\ A^^\ &c. at the fame time, 
and m the fame plane, and the forces of all the bodies ading 
on S,. except two, S^ and S''^ ; to find the forces of the tv^ro* 
bodies S' and S''^ oiv the body S^ , 

This propofitipn may be refolved by the method given in 
Prop» 4. for to produce the fame effed the fame finite forces 
will be reqqifite^ whether the centers of fbrcfes reft or move ii)^ 
given curves^ 

r.2b If the bodies S^ S'; S^^ &c. move in diffei«nt planes,, 
thea all the forces a^ng on the body, except three, may be 
^ven^ which may be acquired* from. the method giv^n in the 
fame propofition* 

Hence It appears, that zn forces may be requifite to; be found- 
fiom the Conditions of the problem to determine all the bodies 
to move ib their refpedive curves, when they are all fituated lit 
the (ame plane, and that 3 x n forces may be requifite in* 
difierent planes^ &c» if the force of one body (S') on another 
(S^^ does not at all depend on the force of the fame body 
(S^ on any other (S^^^) ; and if the fame can be praedicated of 
the reft, then n .n^^ forces of the above mentioned bodies in 

the fame, or n • iT^ forces in dtferont planes mtay he afliimed^ 
at will# 
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3. If the velocities v, -i/, v'\ &c. at every point of the arcs 

^, tf'', a^\ &c. of the («) above mentioned curves A, A', A'^, 

&c« be given in terms of their arcs, abfciflb, or ordinates^ 

&c. and the places in which the bodies are (ituated at the 

fame time in the arcs 3, b\ V\ &c, of fome other curves B, B\ 

B^% &c. find the correfponding velocities V, V, V^% &c. at 

the fame time of the bodies in the curves B, B"", ^'\ &c. ; 
• • • • 

then make — = ^ = -77=&c. = rr-, or which is equal to it = 

l-or=-;i = &c. From the fluents of the fluxional equations 

refulting properly correfted will be found the arcs a^ a\ a^\ 
&c. defcribed by the bodies in the curves A, A^ h!\ Sec. in 
the fame time as the correfpondent arcs ^, ^, b^/ &c. ; and 
from thence, by the method given in the preceding cafe, may 
be deduced the forces. 

The fame principles may be applied to bodies movmg in re- 
iifting mediums. 

PROP, xiu 

Given the law of the forces of two bodies a£Ung on each 
other, to find the two curves'^y them defcribed. 

Fig. 12. AfTume AT and j; for the abfcifs (AP^ and ordinfatc 
(PM) of one curve, and % -and u for the abfcifs (AP^) and 
ordinate (FM^) of the other; where the abfciffae AP and AF 
begin from the fame point A, and are fituated in the fame line ; 
then will the diftance (D=:M''M) betweeti the bodies^ 

\/z:±:x' + s/uz±zy ) ; let the forces of the body placed at M on 
that at M\ and of the body placed at M^on that at M vary 
asip : (D) =F, and (p' ; (D)s:I?f; andletMjJ=x and/iw=/; 

then will cofiue of the angle mMMf to radius (i) be^^^ x 



^VA/i ^^ ^ •(/+/) ^ ^ '" **^ confequcnti/ the force in 
the dire£tion of the tangent Mm will he ^ x F9 whence — tri) 
sr X F X \/F+y* (A) and v*= f CF^ where C is the chord 
of curvature m the direAion of the force (F) =y^i-c* 

X 2 ^^ ./ .. ; and v the velocity of the body in the curve, 

whofe abfcifs i« x aiud ordinate y. 

In the fame manner let ^^ x - —-^ — -^-^^ x " -^=rg^y 

the cofine of the angle made between the diftance MM^ and 
arc of the curve of which the abfcifs is % and ordinz^te u^ and 
confequently c/ x F^ will be the force in the diredion of its 
tangent, and therefore - "o'v^ » ^ x F^ x \/i* + «* (A) and v^* ^ 
J C^F'^ where 0/ is the chord of curvature in the direction of 

theforce(FO=v^T^^* X ai^tii^ and njf the velocity, of 

the body in the curve whofe abfcifs is % and ordinate u ; then, 
becaufe the times of defcribing correfpondent arcs in the two 
curves are equal, their increments will be equal, and confe- 
quently /=——^=—^-7i— ; and there are deduced five 

fluxional equatbns,. containing fix variable quantities a;, v^ ; jr, 
y\%^ and ir, and their fluxions ; reduce thefe equations, fo that 
four of them (v, v\ &c.) may be exterminated, and there will 
cefult an equation expreffing the relation between * and y 
the abfcifs and ordinate of one curve, or 2 and u the abfcifs 
and ordinate of the other curve, and their fluxions; the 
fluential equatiofi of which being found, and properly cor«> 
refted, gives the equation to the curve. 
VoL.IJCXVIIL a The 
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The five equations are eafily leduced to three by extermi-* 
iiating the quantities v and v\ 

The fluxional equation refulting will moft commonly be of 
the fifth order, as evidently appears from the nature of tho 
problem. * 

2. The fame principles may be applied to determine the 
curves, when the bodies move in mediums, of which the 
refiftances are given : for example, fuppofe the refiftances to 
vary as a fundlion of the diftance from a given point into a 
funftion of the velocity : to the forces in the direflions of the 
tangents contained in the preceding cafe mud be added or fub* 
trafted the given refiftances for the forces in the direflious of 
the tangents, and the remaining procefs will be the fame as is 
before given. 

If two bodies defcribel fimilar orbits round a common center, 
either quiefcent or moving uniformly in a right line ; the forces 
and velocities and refiftances of the medium will be to each 
other in correspondent points as their refpe^ive dtftances from 
the center. 

PROP. XIII. 

Given the forces adlingon any bodies, and tending to points 
either moveable or quiefcent, or in the direction of the tan- 
gents, &c. ; to find the curve defcribed by one of the bodies. 

I. Affume X andj; for the aUcifs and ordinate of the curve 
required, and from thence may be deduced the diftances from 
any quiefcent center of force, and confequently the force/ in 
that direflion ; refolve it into two others, one in the dtre£lion 
©f the tangent, and the other in a different one ; for example, 
>t it be in a diredion perpendicular to the tangent, and from 
their fluxions x and jf, and the force / may, by the method 
3 before 
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before given, be deduced the forces in the two above mentioned 
diredions ; and in the fame manner may be found from x^ y^ 
Xy andj^, the forces in the diredions of the tangent and per- 
pendicular to it, which follow from all the forces tending to 
given points, and a£ling on the body moving in the curve to^e 
invefti^ted. 2. If fbme of the centers of force move in 
given, curves B, B^, B^^ &c. whofe arcs let be denoted 
by B, B', &c. and their refpedive places at the fame time 
are given ; then from their refpe^tive places given and forces, 
and X and y^ and x and y^ can, as before, be deduced the 
forces in the direction of the tangent and its perpendicular to 
the curve required. 3. If other centers of forces move in 
given curves A, A^ A^^ &c. and the velocities are. given at 
t'ftxy point of the curves ; let A, A^ h!\ &c. be the arcs of 
the curves A, A', h!\ 8cc. and fuppofe v, v\ v'\ &c, their 

correfpondent velocities ; then, if the increments of the time 
• • • 

A A' A" 

be given, will — z=— >=-t/=&c* '^"^ ^s the velocities are given 

at every point of the curves, v in the curve (A) will be given 
in terms of its abfcifs, ordinate, arc, &c. and confequently 

— in terms of the fame quantities and their firft fluxions ; the 

• • 

A' A" 

fame may be affirmed of the fluxions -7 , -77, in the curves A% 

h'\ &c. ; hence, from the equation — — -, , can be deduced 

the relation between the abfcifs or ordinate, &c. of the curve 
A and its correfpondent abfcifs or ordinate, &c, of the curve 
A^ ; and fo of the remaining curves ; hence this cafe is reduced 
to the preceding ; but it is neceflary alfo, that the times of the 
bodies in the two cafes fliould be the fame, in order that the 

places may correfpond, and confequently — = y > where V 

O 2 denotes 
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denoted thk vieladty t( th« btfif ^ any ^rit x>f tlit durvfc B 
ftioih wfetch tf^tial^ofii can IbA'AedtrtwJ t^c rorretpondent abfcfflsfe 
and ordinates^ &c. of the corses B hrrd A; ind A^nce 
the two cafes are reduced to thfe jfreceding, whehtre tlife 
correfpondent forces ih tht direSfens of the tangent^ MVd per^ 
pcndicvilar To it, cfan be fcfund as ^bairt. n^. if fotne {m) of 
the centers move m turves L, 1/^ L^', &c. to be deduced from 
the laws of the forces being given wMch'ad: dn theta i aflfemc 
Sr and u^ v^ and i/, ^' and ii\ Arc. for* their tefpefti*e abfcifla 
ani correfpondent ofdinates ; and 'fircto them and^ and Ar,;^ and 
ir, find the forces afling on the body xtaoving in the cur«^e re* 
Quired iti the dire&ion of the tangent, and perpendicular ^o it^ 
:ds befdre; then add all the forces deduced which a6t}:rerpen- 
dicular to the tairgent and alfo all contained in the direftioa 
of the tangent together with the refifting force in the fame 
direftion, and kt the fums refukirig be relpedively F and F' :. 
by the fame method find the fuiti of the forces which aft on the^ 
bodies moving in L, L^, \J\ &c. in the direftbns of the tan- 
gents, and perpendiculars to them, wnich fbppofe S and j, S^ and' 
/, S'^" knd i''^ ice. ; theh Veduce the 2 (;»+ i) equations of the 

formulae found above^ ^h. v*=Fx^^T~-r and — wsF' 
Vx*H^/ ; -1;'*= X X i:?:^ and - t;V=S x %/i" + «' ; v'"' =- 

s'x %'*"'^\. and ^v'' x ^^=S? x %/F^^T^\icQ. ; where v^ 

v\ v!.\ .vf^.\ &c* nefpedivcly denote the correfpondent velo*^ 
cities of ^he bodies moving in the curves, whofe abfcifla are 

*, », %\ %'\ Sec. i and alfo the (m + 1) equations ^ = ^—^ =^ 

-=^= - ' ^^ ~a >- ^J - f s&Ct containing the 3 (iw+ 1'>; 

7 .+ ^ 
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^9. ^rariafole cpaati tides 4i; and j^» ^ an^ i^, «^afkl Uy z^^ and u^^ 
&c.^ Vyn)\ *'% i&c^ aiid the variable quantity, contained in 
B and V> into die, fo that ail the variable quantities except x 
a»d y and tfacir .flu^us niay be extiermluated, aiid there tt^ 
£iftu an eqtistisH to 6he .curve -reqiuired. exprefling the relation 
betmren x and y its abibifs and ordinate, and tb^ fluxions. 
5. a tiie ibrctf are not (itnated ia the fame plane, aflutne X»: 
;tf a&d ^^ ^DT the two abfciilk: and ordinates of the curve re* 
quired ; and Z, a andi^ ; 2/y %' aiul u^ \ 7J\ %'^ and uf' ; &c, 
^ the cwo^ ablcl^de and ordinates of the {m) curves L, U,. 
lu^'V '&c« refpeStively ; and firom the preceding inethcxl may be 
acquired the 3 (m + 1 ) equations i;*=:F x C^ n;*=F' x C',. and 

- w=F"' X V'X* + X* +/ ; t>^*=S X C% v'^rrrfl-r" and ^ t; V 
= jxv/Z^+i:^+«^; v'^»=*S^C'' = (rV^ and «v^'i^' = j^x 
^(r* + i'* + ii^Oj v'''"=S^'C''^ = (r^V^'and -V^V^^ztj^^x 
^(Z''* + i''* +0 ; &c. ; in. whieh'i? denotes the vpiocity ia 
the required curve, and a/, -l;^^ v'% &c, the corrcipondent 
velocities in the curves L, L', U\ &c. ; andF,F', andF''^;. 
S, (f and i t S\ (T^ and j' •,. S'^ ^' and /' ; &c. denote the forces. 
a<9:ing on the refpe£live bodiies ia two different planes and in 
the tangents^ which planes cut each other in the tangents of 
the curves ; and C and r, &c.,. C^ and c\ &c., Q!' and c^\^ 
&c. the \ chords or radii of curvature iathofc two planes to the 
different curves in the diredions of the forces ; and alfo the 

(iw + I ) eqjiations before mentioned y * ^ «• ^ - ^ 

_^Wp+«:^^^ J where Vx* 4^^*+,^., v^F+i^M^' 

&c. arc the fluxions of the arcs of the required curve, and of 
the curves U L\ L^', &c teducc thcfe 4'w +4 equations con- 
taining^ 
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taining4m*f 5 variable quantities into two, fo that all thevada- 
ble quantities except three, X, x^ zndyy and their fluxions may 
be exterminated ; and there refult the two equations required. 

It may be obferved, that when the refiflance arifing from 
the denfity of the medium and velocity (y)o{ the body varies 
as X^ X v^ + X, where X and X'' are as funftions of the diftances 
from given points, the rdfolution of the fluxional equations 
will generally be more eafy,» than when the refiftaace varies as 
other funftions of the velocities. 

If the force adls equally on the particles of the body . and 
fluid, then the force by which a body defcends in a medium isi 
as the whole force X ading on the body at the given d'lftance 
multiplied into a fraftion whofe numerator is the difference be- 
tween the denfity of the body (D) and fluid (XQ at that dif- 

tance and denominator D, that is, as X x — — — . 

Many cafes might have been given, in which the fluxional 
equations could have been refolved ; but in general their fluenti 
can only be found by means of converging fcriefes. 
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VIIL Experiments on heal Heat. In a Letter from James Shr^ 
E/j. to tie Rev. Francis WoUafton, LL,B. F. R. S. 



Read January I Oy i^Zt. 

D E A R S I R. 

THE following experiments are a continuation of thofc 
I had the pleafure of communicating to you fome time 
fince, relating to the diverfity of local heat in the atmofj)here ; 
and confirm, in a more particular manner, my . former obfer* 
vations refpefting a remarkable refrigeration, which, in clear 
weather, takes place near the earth ; for, although its furface 
in the day-time is then mod liable to be heated by the fun, yet 
after that is fet, and during the night, the air is always found 
coldeft near the ground, particularly in vallies.^ This phaeno* 
menon, for want of nofturnal obfervations, has been but lately 
noticed*; probably becaufe in the day-time, efpecially when 

the 

♦ Within thcfc few years^ 

Mr. Wilson, id the Philofophical TranfaflionY, 1780, p 467. and 1781, p.. 
366. defcribing the cffedU of a fcvere froft at Glafgow, mentions a remarkable 
refrigeration) which he perceiired to take place on the furface of the fnow and 
hoar*froft, which funk the mercuiy in a thermometer laid upon it many degrees 
lower than one fufpended twenty- four feet above it. This phsenomenon, he fays, 
hd recently come under ohfer^ation \ but fuppofing (L prefume) the principle of 
refrigeration to operate only on the furface of the fnow,. or hoar*frofl, when the • 
told was fevcrc ,. it does not appear he made experimenti a{ any other time* 

In. 
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the weather is ftill and warm, the difference of temperature 
is reverfed, the reflexion of the fua*s rays from the earth 
heating the air more below than it does above. 

The experiments in my former Paper • were made partly in 
autumut and partly in winter s aad» the local variatioas dif- 
fering in fomc meafure with the feafoas, I was defirous of 
continuing a feries of experiments throughout one entire year. 
To this end, therefore, I fufpcnded proper thermometers f in 
a (hady northern afpeft* in the open air, at different heights; 
one in my garden at nine feet, and another .in the Cathedral 
Tower zto feet from the ground; continuing my journal, 
with the omiffion' of a few days only, from July 1784 till 
July 1785. 

In thefiammerof 17^3? makhsg cxperimentf with thtrroometers, which I had 
eonftru^led to (liew the greateft degrees of beat and cc^d that happened in the 
obfepver*8 abfencc,, I firfi ftrctl^td this no6turaaI rcfrige ration in the loweil ftratuna 
of the atsnofphere^ for by fufpeodiug the(e thermometers at different altitudes, 
MxA ««ewmg them -only once in twentj-fbtir hours, 1 found ehe true maximum 
»nd minimum of the heat and cold, which had happened during that time in 
their feveral flations. 

A writer in the Gantlcman^ Magazine, for March i:85v,P« ^709 who did me 
the honour to mention my former Paper, coqtaining Exptrin^tmi m Locml Heaf^ 
ebfenred, that the effe&s of a fluirp frofl, which happened in December of tbe^e^ 
etMngyee^ry appeared to be much more fevere among the vegetables in the vallies than 
on the hills ; and by taking the difference of temperature with thermometers at 
that time, he fouad them vary from 5 to 17 degrcep, according to tlMir ieveral 
nations. 

M. DE SAUssuac, in his Voyages dans lea Alpes, Vol. 11. published 1786, 
fay(, *' Quant Ji Tobfervation bien curieufe et item natweiHe de M« Pkctkt, quepeo* 
dant la nuit la couche d'air la plus bafle depub la rerre jni^ues a 5 pieds au-defloa 
iafi plus froide que les couches fiiivantes deputs 5 pieds jufque a 50.** 

• Philofophical Tranftaions^ VoL LXXIV, p. 428. 

f Conftrufted to give the true maximum and minimum that may happen ia 
the cbfetver^ ab&ncc* See Fhilofephical TranfiiAioBay VoU LXXIL pt 7t. 

The 
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The rcfult entirely correfponded with what I had before ob- 
ferved rerpe€(tng the nodlurnal diminution of heat, and the 
particular ftate of the atmofphere recjuifite to produce it. '^he 
greateft variations which happened within the year were in 
O&ober and June ; in the former month, the thermometers 
generally difiered moft in the night ; in the latter, moft m the 
day. From the 25th to the 28th of October, the heat bebw^ 
in the night, exceeded, in a fmall degree, the heat above, at 
which time there was frequent rain, fpmctimes mingled with 
bail. From the nth to the 14th, and alfo on the 31ft, there 
Mras no variation at all ; during which time likewife the wea« 
ther was rainy ; all the reft of the month proving clear, the 
air was found colder below than it was above, fometime$ 9 or 
10 degrees. In the month of June, the greateft no^uraal 
variations happened from the nth to the 15th, and from the 
25th to the 30th ; at both which times there appeared to be 
two currents of wind, the upper current from the S.W., 
the lower from the N.E. *. On cloudy nights, the loweft 
thermometer fometimes (hewed the heat to be a degree or two 
warmer than the upper one ; but in the day time the heat 
below conflantly exceeded the heat above more than in the 
month of OAober. See Tab« I. and IL +• 

Being 

* Sopsetiaiet thefe were rendered vifible by clouds in different ftrata, moving 
in different directions, and at other times by clouds moving in a contrary diredion 
to a very fenfible current of air bdow. 

f The obfervations of the wbd and weather were taken at Canterbury. la 
all the tables, the no^umal degrees of cold belong to the night immediately 
preceding the day to the date of which they are placed.-— With my thermometer 
I have Ibmetimes fufpended hygrometers ; but their movement, although as con* 
fbmiable as poffible to the motflure of the air, had not a fuiSciently regular 
correfpbndence with the variation of the thermometers to be inferted in the 

Vol. UKVIII. P tables 
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Being defiroirs of knowing whether the iiodtirua} refr ig«ra- 
tiOQ iucfeafed oil a nearer approach to the fur face of the earthy 
I placed, ill the mtdft of aa open meadow, on the bank of the 
AVer, neat this city, two thermometers ; one on the ground, 
and the other fix feet above it; with thefe^ and the two others 
before mentioned, one on the tower,, and the other in mj. 
garden, I made obfervationsfrom the roth to the 23d of Ofto* 
ber, 17S6. See Tab. III. But as the thermometer fix feeti 
from the grouivl, in the meadow, nearly agreed with that in the 
garden at nine feet, I have omitted an account of the latter iii« 
this table of comparifon. Here I found, as before, the noc-^ 
turnal variations entirely regulated by the clearnefs, or the- 
cloudinefs, of the iky; and although they did not al ways- 
happen in the fame proportion to the refpedive altitudes, yet, 
when the thermometers differed at all^ that on the ground wa» 
always the coldeft. 

Finding fo confiderable a diflference as three degrees and a* 
half, withia fix feet of the earth's furface^ I increafed the*^ 
number of my thermometers in the meadow to four ; one oP 
them I funk in the ground, another I placed juft upon the 
ground, a third I fufpended at three feet, and a fourth at fix^ 
feet from the ground ; at the fame time I placed three thermo-^- 
meters in an open garden on St. Thomas's Hill, where the 
land is level with the Cathedral Tower, and about a mile 
diftant from it;, here I likewife put one in the ground^, ano-r 
ther jufl upon it, and fufpended a third fix.feet above it. 

table's of comparifon. It Is true, . when the weather wai. dear and not to<x cold,, 
the upper on^s indicated drynefs more than the lower \ but in frofty weather, tlie 
eontradion and expanfion of the hygrometers being impeded by the froft, they did 
not in any regular mamicr agree with the.Tadations.of the thermometer. 

With 
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WitTi thcfc fcyen thermometers and the two, before men^ 
•tioned, in the city, I continued a diary for twenty days, taking 
^Ifo every morning the temperature of the water in the river; 
»but the weather proving cloudy foon after, the thermometers 
liardly varied at all, feven ot eight days only excepted. After 
-this time I never rediScd them but when the appearance of 
the weather gave me reafon to expefl that they would vary confi- 
<lerably, Fee the obfcrvations that were then taken Tab. IV. ; 
by which it appears, tliat the cold in the night was generally 
greater in the valley than that on the hill ; but that the varia* 
-cions between the thermometers on the ground, and thofe fix 
feet above them, were often as great on the hill as in the 
valley. 

Perceiving now, that a difference of temperature was 
frequently found within three feet from the ground, I refolved 
to try ftill nearer; but my thermometers being eighteen 
inches in height <:ould not be applied (o near to the furface of 
the earth as my experiment required ; I therefore conftru£led 
two others for the particular purpofe ; and by bending down 
the large tube, the bulb or body of the thermometer, to an 
horizontal pofition, while the fmaller tubes remained in a ver- 
tical one, I was enabled to afcertain the different degrees of 
heat from the ground to a iingle inch. 

At certain times, when the weather was clear, I expofed 
thefe two horizontal thermometers in an open place, fufpend- 
ing one of them, fo as to bring the body of it within an inch 
of the ground, and the other nine inches above it. When 
the variation among the other thermometers was confiderable, 
I found alfo a difference between thefe ; the lower one indi- 
cating ibmetimes more than two degrees iefs heat than the 

P z upper 
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upper one, although they were placed ib near to each^othen 

See Tab, V. 

From the foregoing experiments it appears, that a greater 
diminution of heat frequently takes place near the earth in 
the night-time, than at any elevation in the atmofphere 
within the limits of my inquiry ; and that the greated degrees 
of cold are at fuch times always found neareft to the lurfacc 
of the earth ; that this is a conftant and regular operation of 
nature, under certain circumftances and difpofitions of the 
atmofphere, and takes place at all feafons of the year ; that 
this difference never happens in any confiderable degree but 
when the air is ftill, and the iky perfed^ly unclouded * ; but 
the moifteft vapour, fuch as dews and fogs f , did not, as far 
as I could perceive, at all impede, but rather increafe the refri*' 
geration. In very fevere frofts, when the air frequently dcpo- 
fits a great quantity of frozen vapour, I have generally found 
it greateft | ; but the excefs of heat, which in day-time, iu th^ 
fummer feafon, was found at the lower ftation, in the winter 
dimiuiflied almoft to nothing. 

The foregoing experiments, related to the difference of heat, 
which, at certain times, is found at different altitudes; the 

* Free from clouds which float higher in the air than fogs, and are fufficientljr 
opaque to hide the ftars from our view even in the zenith. 

t When fogs covered the valley, the refrigeration below was con fiderable; hut 
they very feldoai reached ib high at the upper thermometer, and the iky was dear 
above. No variation duiing rain, except mingled with hail, 

\ This remarkable diminution of heat near the furface of the earth in clear 
weather, after the fun is fet, and in the night, proceeds, I apprehend^ partly 
^rom the coolnefs which the dews or vapours poffibly may acquire in their defcent, 
and partly from the evaporaticm which takes {^ace at the fame time from all'iiit>ift 
or frorea bodies expofed to the open tir, paitacularly from thofe on which the dew 
or boar froil is depofited. 

7 following 
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following to the dIfFerent degrees of heat obfcrved at diHerent 
fituations in refpeft to the fea-fliore. Tab. VL and VII. contain 
a fet of correfponding obfervations ; among which are thofe 
you were fo obliging as to take for me at Chiflehurft* j others 
at the fame time were taken in my garden, and on the Cathe- 
dral Tower ; ahd others on the fea-fhore, about feven miles 
N.N.W. from Canterbury, where the thermometer was fuf- 
pended about 40 feet above high-water mark, 14 from th& 
ground, and about 100 yards from the feaf. 

By Tab. VI. it appears, that every night, one only ex- 
cepted, during that time, the air was coldeft at Chiflehurft ; 
and that the mean heat at the fea-fhore was equal to that on 
the tower at Canterbury. In the month of June (Tab. VII.) 
it is remarkable, that the cold was ftill greater in the night at 
Chiflehurft than at any of the other places, excepting where 
there appeared two currents of wind, the , upper current 
from the S.W. and the lower from the N.E. ; at which time 
alfo there was the greateft dliFerence between the thermometer 
in the garden and that on the tower. 

Tab. VIII. contains obfervations taken only at particular 
times, when the weather was extremely cold ; and fhews how 
nearly at fuch times the temperature in the night, at the fea^- 
(hore, generally agreed with that on the Cathedral Tower ; 
with this exception, however, that on the i8th, 21ft, and 
22dof February, 1784, a little fnow falling at feveral times 
in the day, the evenings after being clear, and the wind at N.E , 
the thermon^eter on the fea-lhore, contrary to what uiually 
happened, gave the cold greater than the thermometer on tbo 

* The thermometer at Chiflehurft was fufpended twelve feet from the ground. 
t The thermometer on the Cathedral Tower wai elevated about 200 above 
that on the fea*ihore« 

tower ; 
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tower; but under fimilar cirqutnftances 1 iiave iliicc fccn the 

fame. 

The following experiments relate to the variation of local 
heat ill the earth itfclf ; the diverfity of which appears from 
the different heat of the water iffuing from it at different 
places*. It has been conje£tured, that the diverfity of the 
temperature of fprings may probably depend on their different 
elevations iu the earth, with refpedt to the level of the fea. 

Two remarkably deep wells, both n^ar the fea-(hore, and 
tiot far diftai4 from Canterbury, gave me a favourable oppor- 
tunity of making experimental uiquiry into this matter; efpe- 
pifiUy as the fituation of the two fprings differed confidcrably 
from each other in refpedl to the level of the fca. One of 
thcfe is a well in Dover Caftle, which is funk 360 feet through 
the high cliff of chalk on which the Caftle ftands, and the 
ddepth of the .well is nearly equal to the height of the cliff 
from the fea. The other is King*s-Well at Sheernefs+, 
which was fuuk 3J0 feet through almoft one entire ftratura 
of firm clay, where the furface of the ground is only four feet 
above high water. 

Suppofing' therefore the fpring in Dover well to lie level 
with the fea, the fpring of the well at Sheernefs lies 326 feet 
below it ; a circumftance extremely favourable to my experi- 

* The temperature here meant is not tkat of the very hot fpriagB which proceed 
from particular local caufes, fometimes xifing near the furface of the earth; nor 
of fprings which are near enough to the furface of the earth to be affeded by the 
change of temperature in the atmofphere ; but that heat which being found at a 
great depth is more likely to be permanent, and may be fuppofcd to originate from 
ibme general caufe in the earth. 

t See an account of finking this curious well by Sir Thomas Fagjl, Phil, 
T^anf.Vol.LXXIV.p.6. 

ment. 
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ment. The temperature of the fprings I took in the following 
manner. 

After fathoming each- well with a line and plummet, I let 
one thermometer down to the bottom, and 6xed another on the 
line, fo as to r^ach to half the depth only, keeping a third to 
take the temperature of the air at the top.. 

Degrees of heat in the wells. 



Sept. 2B, 1784. Temperature of 
the water in the new well in 
Dover Caftle. 

By thermometer at the top 56^ 
By ditto at the middle 52 

By ditto at the bottom 48} 
Found the well 360 feet deep 
with 21 feet water. 



OOi. 6, 1784. Temperature of 
the water in King*s Weill 
at Sheernefs* 

By thermometerat thetop53^ 
By ditto^ at the middle 5 1 
By ditto at the bottom 56 * 
Found the well 280 feet 
deep * with 1 80 feet water. • 



About noon was the time of day when I made the' experi- 
ments at both places, and the top of the refpeftive wells vary- 
ing from each other depended wholly on. the accidental tempe- 
rature of the atmofpher^ at the time ; but that the thermome- 
ter at half the depth of the well at Dover gave nearly the- 
mean heat of the top and bottom, while that in a correfpond- 
ing. fituation in the well at Sheernefs gave it colder than either 
top or bottom, I attribute to the following circumftance.. 

Over the well at Sheernefs a machine is erefted^ which rai(es 

the water by means of an horizontal windmill, working an 

cndlefs chain. This chain, confiding of jointed double bars, 

with a number of buckets fixed thereon, at certain diftances 

from each other, continually defcending into, and afcending^ 

out of the water, to an elevation of eight or nine feet above 

* The fand brought up from the bottom of the well by the force of the fpring . 
h»t reduced it to its prefent depth. 

the- 
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the top of the well, may be fuppofed to reduce the water as 
far as It reaches to the mean temperature of the air above ; and. 
thus I found it; for 51 degrees had been the mean temperature 
of the air near the fea*(hore for feveral days before. At the 
bottom of the well, near to which the chain never defcends, I 
found the temperature 56 degrees ; aboVe 7 degrees warmer 
than tTiat at Dover well. 

The water at the bottom of thefe wells is, I prefume, too 
deep beneath the furface of the earth ever to fee affedlcd by th^ 
temperature of the atmofphere ; fdr if the heat of the fummer 
could have had any influence on either of them, that at *Ddver 
mufl: have been mod coniiderably affofbd by it, efpecially in 
the month of September ; and the air was fomething warmer 
when the experiment was made at Dover than at Sheeruefs. 
From the nature of the different kinds of flrata in which thefe 
Wells are dug, had they been in all other circumdaivoes the 
famct one might reafonably expert to find the warmer fpring in 
the chalk, and the colder in the clay ; but here the reverie is 
feen, without any apparent local caufe» except the difllerent 
elevations of the fprings ki refped to the level of the fea* 
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Thermometers at different flations compared together. 
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TABLE II. 

Tliermometers at different ftations compared together. 
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1X# Obfervattons on the Manner in which Glafs is charged with 
the eleSiric Fluids and difcharged. By Edward Whitakcr 
Gray, Af. D. F. R. S. 



Read January 17, 1788. > 

DR. Franklin, ia various parts of the 'firft volume 
of his Experiments and Obfcrvations, aflertsi That 
the natural quantity of eledlric fluid in glafs cannot be 
increafed or decreafed; and that it i$ impoQible to add any 
to one furface of a plate or jar, unlefs an equal quantity be, at 
the fame time, given out from the other furface ♦. ' This error ' 
has been adopted by fucceeding eledricians ; among others, by 
the late Mr. Henly, who in one of his laft' Papers, printed 
in, the Philofophical Tranfadlions for the year 1777, has 
the following words: ** According to Dr. Franklin^s theory, 
** the fame quantity of the eledlric rnatter which is thrown 
^* upon one of the furfaces of glafs, in the operation of charg* 
** ing it, is at the fame time repelled or driven out from the other 
^^ furface ; and thus one of the furfaces becomes charged plus# 
^^ the other minus ; and that this is really the cafe is, I 
" think,' fatisfaftorily proved, &c. +/* 

Beocari A alfo has adopted the fame opinion, faying, *< That 
^a quantity of exceflive fire cannot be introduced into one 

* ** The quantitjr proportioned to glafs it ftrongly and obllinatelj retams, and 
'* will have neither more nor lefs." Experiments and ObfervationSi Vol. I. p, 26. 
See alfo p. 75. 81. et alibi. 

t Philofophical Tranfaaions, Vol. LXVII. p. 100. 

Vol. LXXVllI. R •* furface, 
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" furface, but inafmuch as an equal dofe of natural fire can 
•*■ quit the other furface*." 

Thefe aflertions are,- I apprehend, direftly contrary to what 
really happens. Inftead of which, I believe, we may fafely 
affert, that glafs, and every other known fubftance, may have 
its natural quantity of electric fluid either increafed or dimi- 
niflied to a certain limited degree ; which degree bears no pro- 
portion to the quantity of matter contained in a body, but is 
{cattris paribus) in proportion to the extent of its furface. 

This law, which is, perhaps, without exception, may be 
Qouiklered as one oi the fondamental laws of electricity, and 
ont upon whicli many of its principal phasnomena depend. 
At^prefent^l (hall only confider it fo f^r as it is the caufe of 
what is commonly Called, the charge of a coated jar. 

Suppofe fuch ajar infulated, and conneAed by its knob to 
the prime condu£J:or of an ele<Stric machine ; if then the ma- 
chine be put.in adlion, a certain quantity of eleftric fluid 
(agreeable tc^ the above-mentioned law) is added to the natural 
quantity belonging to the inner furface of the jar. After 
which, if the iinger,. or any other conducting fubftance, be 
prefented to the outer coating of the jar, a quantity of ele^ric 
fluid, nearly equdi to that thrown in, comes from it. But 
this departure of eledric fluid from the outfide of the jar, 
cannot be (as^t)r. Franklin fuppofes it) the ciufe which per- 
mits the addition of fluid to the ihfide, but is merely the con- 
fequence of the adion of that fuperfluous quantity which was 
thrown in. And the operator may, if he plea(cs, inftead of 
takmg ele£tric fluid from the outfide of the jar, take out agaia 
(by touching the knob) nearly the whole of what h£ had. 

* Tredtife upon Artificial Eledricity, Eog. Tranf. ft&. 1 8 1 • 

thrown 
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thrown In, which he could not do if an ^<]^ual qu$i>tity had 
already gone from the outfide of the jar ♦• 

When the quantity already fpoken of has been taken from 
the outfide of the jar (the equillbrluai being nearly reftored) 
another quantity like the firft may again be added to the inner 
furface : after which a fimilar quantity may again be taken 
from the outfide : thus, by the fuccefSon of a fufficient num« 
her of the quantities allowed by the before^mentioned law, the 
jv may, at length, be completely charged* 

There are other ways of charging coated gUfs) but if it be 
aUowed, that the chai^, in the foregoir^ inflance, is produced 
iu the manner I have fuppofed^ it will not, I think, be diP> 
puted, that all Qtiher charges are produced by aiimilar alterna^ 
tion of imall quantities. This, however, will appear rmore 
clear from the obfervations I IhaU now make 00 the manner in 
which the difcharge is produced* 

When the.aftonifhing velocity with which l|he charge of a 
jiir or battery i»oves through a coufiderable {pace is confideredj 
it may at firft aj>pear impoflible, that the difcharge ihould be 
made by the alternate givmg and receiving fyph fnfiall quantities 
as thofe by which the charge was produced ; yet a more ample 
cofifideration of the matter will, I think,.. ih^w that it cannot 
poffibly be brought about any other way* 

I prefume it will be granted, that the charge of a jar (in 
difcharging) either leaves it all at once, or goes out by the fame 
fmall quantities by which it went in* To fuppofe any inter- 

* Much difpute has arifen^mong eteftricia&B Fd|)e6tiDg the degree of charge 
which may be given to an infiiUted jar; but no onci that I know of, has taken 
notice of a deception which will happen, if care* be not taken that the fame fide, 
by which the jar is attempted to ba charged, be firft touched in trying whether it be 
charged or not ; whereas it is clear, from what has been faid, that, if the con- 
4rary furface be firft touched, a fmall charge will, from that Tcry circumdance, 
be produced. 

R % mediate 
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mediate manner would neither leffen the difficulty, nor would 

it be confonant to any of the known laws of clefliricity. 

If then the whole charge leave the jar all at once, there 
muft be a point of time at which the jar will be without any 
ele£tric fluid either on one fide or the other: nay more, fup- 
pofe a large jar or battery to be difcharged by means of a few 
inches of thin wire, there will then be a point of time at 
which the whole quantity of eleftric fluid, which conftituted 
the charge, mufl: be contained in a piece of wire, weighing 
only a few grains^ 

i^ow, if it be confidered, that time (like matter) is infinitely 
divifible, may we not rather fuppofe, that the difcharge of ajar 
is nothing more than aii inconceivably rapid fucceflion of fuch 
fmall quantities as may be fent off, without caufing fuch a 
deftru^ion of the equilibrium as the laws of eleftricity feem 
not to admit ? . . ' 

That this fuppofition is not quite free from objedions I 
readily admit; but before they are permitted to overthrow it, 
l^t it be well confidered, whether they are (upon the whde) as 
ftrong as thofe I have flated againfl: the oppofite opinion, which 
I think niay be pronounced to militate not only againft what 
has been here mentioned as a fundamental law of eledricity, 
but alfo agaiaft every known faft.. 
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X. Experiments on the cooling of Water below its freezing 
Point. By Charles Blagden, M. D. Sec. R. S. and F. A. S. 



Read January 31, 1788. 

WHEN the experiments for determining the degree of 
cold at which quickfUver becomes folid, related in the 
Philofophical Tranfaftions for 1783, were under confideration^ 
no difficulty occurred in explaining the phsenomena that had 
been obferved, except in the few inftances where the mercury 
in the thermometer congealed^ whilft it was furrounded with 
fbme of the fame metal in a fluid ftate. The well-known pro« 
perty of water, that under different circumftances it will bear 
to be cooled fevtral degrees below its freezing point without 
congealing^ afforded from analogy the moft probable folutioa 
of this difficulty; but as neither the caufe of that property 
had been invcftigated, nor the circumftances by which it is« 
modified had been afcertained^ I was led, to attempt fomeexpe«* 
mention the fubjeft;' not only in hopes of elucidating the 
above-mentioned phaenomenon of the qukkfilvcr, but alfo* 
becaufe this very tjuality in water was itfelf a curious fubjeft of 
refearch. --^^^ 

I began with endeavouring to determine, whether this pro- 
perty belongs to it as pure water, or depends upon extraneous 
admixtures. For that purpofe 1 poured fome clean diftilled 
water into a common tumbler glafs, till it reached two or 
three inches above the bottom, and then fet the glafs in a 

frigorific 
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frigorific mixture, made with fnow and common fait. Thia 
was the method I ufed in moft of the following experiments, 
fometimes employing ice inftead of fnow, fubftituting a glafs 
jar or cylinder inftead of a tumbler, and filling the veflel to a 
greater or lefs height above the bottom. I found that, in the 
frigoric mixture, the diftilled water readily funk many degrees 
below 32'', ftill continuing fluid ; and by repeating the experi- 
ment with care, I feveral times cooled it to 24% 23°!, and 
even almoft to 23^ The temperature was afcertained by means 
of a fmiall thermometer with a Aiding fcale; and though the 
water was not of the fame degree of cold tbroujghout, yet the 
difi^erence, when the experimfint had been well .conduftedi was 
not confiderable ; atid I was particularly careful that the t^er- 
mometer (hould not touch the fides or bottom of the glafs, fo 
as to be affected immediately by the cold of the mixture. 
From thefe experiments therefore it feemed evident, that ths 
property of beiag cooled below the freezing point did not de- 
pend en e^ttraneous admixture, efpecially as I found, by com- 
parative trials, that common pnmp«-water would fcarcely ever 
bear to be cooled fo much. An ambiguity, however, ftiU 
remained, on account of the air which is always mixed with 
water that has kin expofedto the atmofphere. In order to 
determine what might be afcribed to this, ciroumftauce, J.put 
foine of the fame diftilled water aver the fire to boil, in a cleaa 
filver veflel, and kept it in violent ebullition for a confiderable 
time. In a few minutes after it had been taken off the fire^ 
«nd before it wis nearly cold, I fet it in the frigorific mixture 
after the ufual manner ; when, inftead of freezing .more rea* 
dily, it bore to be Codled two degrees lower than I had ever been 
able to reduce the unboiled water, not congealing till the ther^ 
mometer in it had funk to 21 ^ Subfequent experiments were 
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attended with a fimilar refult, and have fufliciently convinced 
me, that, other things equal, boiled water may be cooled a 
greater number of degrees below the freezing point, without 
congealing, than water which, not having undergone that 
operation, retains the air it naturally imbibes. 

As a further proof that the prefencc of an aerial fluid in 
water rather leffens than increafes its quality of being cooled 
below the freezing point, I found that diftilled water, which 
had been ibr that purpofe impregnated with fixed air, generally 
(hot into ice at a lefs degree of cold than the fame water in its 
ordinary ftate. I fufpeft, however, that it is ufually by the 
admixture of other aerial fubflances, fuch as dephlogiAicated 
air, phlogifticated air, or peribaps both, and not of fixed air, 
that water is inclined to dbngeal foon after it has palfed the 
freezing point ; for, as will be fcen hereafter, acids rather imr 
prove than diminifh the quality in water of refifting conge- 
lation. 

To determine the efFeft of other extraneous fubftances, I^ 
took fome very hard pump'^ater, fuch as is found in the 
northern parts of London, and fet it in the frigorific mixture. 
In general it congealed fboner by one or two degrees than un- 
boiled diftilled water ; that is, at 25^ or 24"" of the thermo- 
meter; and as there was fome variation in this refpcft, I was 
led to remark, that the greateft cooling ufually took place when 
the water was moft clear and tranfparent. With a view to this 
circumftance I took fome New-River water, which happened 
at that time to be confiderably turbid, and tried it in the frigo- 
rific mixture ; when I found, very unexpe£tedly, that it was 
not in my power to cool any of it below the freezing point ; . 
a cruft of ice always forming round the fides and at the bottom 
of the veflel, whilft the thermometer, fufpended about the 
2^, middle 
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^ddle of the water, was two or three degrees above j2\ To 
try how far this depended on the fouhiefs of the water, I col- 
leded fome of the muddy fcdiment which had been depofited 
from the New -River water, and added it to the pump- water, 
which had before bOrn to be cooled to 24° or 25% fo as to 
render it turbid ; when it congealed, in the fame manner as 
the New- River water had done, before the thermometer in the 
middle of it came to the freezing point. It mufl: not however 
be imagined, that water thus made turbid is incapable of being 
cooled below 32^, without freezing : I have fince repeated the 
experiments, with more caution in conducing them, and re- 
duced it two or three degrees below the point of. congelation. 
But ftill they have all confirmed the general fad, that fubftances 
which leffcn the tranfparency of; water, render it at the 
fame time much more difficult to be cooled below the freezing 
point, and difpofe it to (hoot into ice more readily, after it 
has pafTed that pointy than pure water would do. It feems. to 
be of little confequence what the fubftance is that renders the 
water turbid : fm^ll particles of any kind floating through 
it, I believe, have this efFeft, which does not take place, or at 
lead: to the fame degree, when the extraneous fubftance has 
fubiided to the bottom. 

It is this circumftance, I fuppofe, which gave rife to the 
opinion, that boiled water freezes fooner than unboiled: for if 
the water contain calcareous earth, held in folution by means 
x)f fixed air, as is the cafe with moft kinds of fpring-water, 
this will be precipitated by the boiling, and will fenfibly trou* 
ble the tranfparency of the water ; which, if expofed to the 
cold in that ftate, will be liable to freeze fooner than the fame 
kind of water unboiled and tranfparent *. 

* Sec Philofophical Tranfaaions, Vol. LXV. p. 124. 
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The efFeft of this want of tranfparcncy was very different 
from that of chemical mixture, as appeared bjr fubfequent 
experiments. 

Though the property of being cooled below the freezing point 
appeared to belong effentially to water in its pure ftate,it was pro- 
bable that It would be in fome meafure altered or modified by 
the various fubllances which are capable of being diflblved in, 
or chemically combining with, the water* But here a further . 
circumftance came to be confidered. It is well known, that 
fuch fubftances, uniting with water, have a power of lower* 
ing its point of congelation a greater or lefs number of de- 
grees, according to the nature and quantity of the fubftance 
employed. The firft objeft, therefore, was to determine iii what 
manner the property of bearing to be cooled would beaffefted 
with regard to that new point of congelation. For this pur- 
pofe I made many experiments with feveral diflFerent fubftances, 
which it would be too long to relate in detail, but the princi- 
pal w^ere as follows. 

Having diflblved in diftilled water as much common fait as 
lowered its freezing point to 28% I cooled it to i8®| before it 
congealed. Another folution of the fame fait, whofe freezing 
point was 16'', bore to be cooled to 9® ; and a ftronger folution, 
whofe freezing point was 13^!, cooled to 5° before it (hot. A 
folution of nitre, whofe freezing point was 27% cooled to i6% 
that is, eleven degrees below its new freezing point; a folu- 
tion of fal ammoniac, whofe freezing point was 1 2**, cooled 
to 3^; and one of Rochelle fait, freezing point 27"*!, fuffered 
the thermometer to fink in it to 1 6® before it froze ; a cooling 
equal to the greateft I ever obtained with the pureft diftilled 
water boiled. A folution of green vitriol, whofe freezing 
point was near 30% cooled below i^"" : and, of falts with an 
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earthy bafis, a folution of the common bitter purging falt^ 

whofc freezing point was at 25°^, bore to be cooled to 19''. 

Acids, as I have already had occafion to remark, rather 
augment this quality af being cooled below the freezing point. 
A combination of nitrous acid with diftiiled water, in fuch 
proportions that the new freezing point was between 18* and 
ip"", funk down to 6° before it congealed; which being fully 
12 degrees of cooling, is greater than I have been able to 
' produce witK pure water. Another mixture of the fame kind, 
fo ftrong as to have its freezing point about 1 1% cooled down 
to \°. *A mixture of vitriolic acid and diftiiled water, whofe 
freezing point was 24^1, cooled to 14®; and one with the acid 
of fait, having its freezing point at 25% funk to 16^ before 
It froze. It is here to be obferved, that thefe acid mixtures 
were rather remarkable for the fteadinefs with which they 
bore to be cooled, and the little tendency they fhewed to fhoot 
before they were funk much below the freezing point, than 
for exceeding the number of degrees which pure water might 
be cooled. Of the alkalies, a folution of tartar, whofe freez- 
ing point was 25^$, cooled to 18^; and another, with the 
freezing point at 1 5"*, funk to 8?. A folution of cryftallifed 
foda, freezing point 30*^, cooled to 21°; and a folution of 
mild volatile alkali, freezing point 19% to ii^ A mixture 
of reftified fpirit of wine and water, whofe freezing point 
was X 2^, cooled to 5® ; and another, with the freezing point 
at 8^1, to* 2*. 

All thefe fafts, with many others of the iame nature which 
I obferved^ fufficiently (hew, that foreign fubftaiices, chemi- 
cally combined with or diflblved in water, do not take away 
Its property of being cooled below its point of congelation ; 
though, by deprefiing that point, they alter the degree of cold 
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at which the property commences. The experiments (hew, 
that in fome cafee the mixed water bore to be cooled as much 
below its new freezing point, as pure .water below 32*^; and 
with regard to the.others, I think the variation was no greater 
than ufually takes place with different portions of common 
water. Scarcely any, perhaps none» of the above-mentioned 
points, were abfolutely the loweft to which the folutions or 
mixtures could have been reduced, if the experiment had been 
conduced ftill more flowly and cautioufly* But however much 
they might all poffibly have born to be cooled, a great dif- 
ference occurred among them in the eafe with which the ope- 
ration fucceeded. For inftance, the folutions of nitre, and of 
Rochelle fait, would hardly ever (hoot till they were cooled 
many degrees below their refpeftive freezing points, however 
negligently the operation was conduced; whereas thofe of 
common fait, fait of tartar, and fon^ others, required con- 
ftant attention to keep them from freezing, as foon as they 
were got four or five degrees below the point of congelation. 
Their dilFerence in this refpedt may depend in part upon fome- 
thing unknown in the nature of each particular fait; but 
there was one circumfhnce to be diftinftly traced, correfpond- 
ing to what had been obferved with pure water ; namely, that 
the njoft tranfparcnt, moft limpid folutions, were thofe which 
admitted of being cooled with the greateft eafe and certainty. 
The fame obfervation holds good"with regard to the mixtures : 
thus the redified fpirit I employed aflTumed fomething of an 
opaline tinge upon being mixed with the water (from the fepa- 
ation of an oil it contained) and the compofition bore to be 
cooled but ill, though a film of oil, regularly fpread on its fur- 
face, would rather have retarded the freezing ; and the acid mix- 
tures, which cooled fo remarkably well, ftruck the eye parti- 
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cularly on account of their very pcrfeft and uniform tranfpa- 
j-ency. Iii this laft cafe, perhaps, another circunr)ftance might 
contribute to the eafy cooling, that the acids, by combining 
with the water, feemed to expel the air it contained more per- 
fcdtly than moft other fubftances, as appeared from the innu- 
merable fmall bubbles that were almoft immediately formed. 

Want of tranfparency, however, is only one among feveral 
caufes whicli impair the property water naturally poflefles, of 
bearing to be cooled many degrees below its freezing point. 
M, Mairan, in his elaborate Treatile upon Ice, having occa^ 
fion to examine this fubjefit, was led by his experiments to 
conclude, that the cooling of water below its freezing point 
depends upon reft, and that agitation is the general caufe by 
which it is bhought to (hoot into ice. In this opinion he has 
been almoft implicitly followed by all the writers 1 have feen, 
excepting only Profeflbr Wilcke, of Stockholm *. To bring 
it to the teft of experiment, I fet in the frigorific mixture iomt 
diftilled water, which by boiling bad been rendered capable of 
fuftaining a cold of 21** before it froze. When this water was 
cooled to 22"", I agitated it, by moving the tumbler, by (bak- 
ing a quill in it, and by blowing on it fb as to rufHe the fur-* 
face ; but it fupported all thefe trials without congealing, and 
did not (lioot till a minute or two afterwards, when by conti- 
nuance in the frigorific mixture it was cooled down to 21". 
In other experiments, however, all the above-mentioned kinds 
of agitation made fimilar water inftantly congeal, even when 
not cooled fo low by feveral degrees. The congelation, there- 
fore, mufi: in thefe cales have depended on fome further cir- 
cumftance thaa the mere want of reft. One that I fufpeded 
is a fort of tremulation, rather agitating fmall . portions of the 

• Kongl. Vetcnik. Acad. Handlingar, Vol, XXX.. p. 103. 105. 
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water feparately, than moving the whole together, I have 
found, that ftriklng the botton) of the tumbler againft a board 
would produce inftant congelation, wheii ftirriog the water, or 
fhaking the tumbler hi the hand, would have no efFeft. In 
like manner, when in ftirrhi^ the copied water the quUl, or 
ilick of glafs, employed for that purpofe, flrikes againfl the 
iide or bottom of the tumbler, the water, which had re(ifted 
the general ftirring, is often by this percuffion made to freeze. 
The fame efFeft is produced, and with lefs uncertainty, if the 
quill, or flick of glafs, be rubbed, and as it were ground, 
againft the fide of the tumbler. But of all fuch methods 
of bringing on the congelation^ that which I have found 
to fail the feldomefl, is to rub a bit of wax againfl the 
fide of the tumbler binder the water ; a particular roughnefs 
in the motion is felt, with fome fouod, approaching to a 
mufical tremulation, and a crufl of ice is immediately 
perceived under the wax upon the glafs. This effedl of the 
wax I take to be mechanical, depending on its particular flate 
of contiflence. Wood a£ls in the fame manner, though with 
lefs certainty; fo does a quill, and likewife glafs; but the 
latter, being very hard, produces thSeffcft with leafl certainty. 
It is a mechanical adlion upon the water in con tad with the, 
rubbing fubflance and the glafs : for if the outfide of the 
tumbler, or any part of the infide above the water, be rubbed, 
even if it be wet fo as to communicate a fimilar feeling of 
tremulation, yet flill the^ congelation is not produced. 

All thefe modes of bringing on the congelation fucceed befl, . 
as might be expected, in proportion as the water is more cooled 
below the freezing point. Unlefs the cooling amount to four 
or five degrees^ the friction with wax is often ia vain. 

From 
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From the above-mentioned fa£ls it appears, that M. 
Mairan*s pofition, though not deftitute of foundati(fti, was 
enounced by him too generally, and without fufficient precifion. 
It. is the natural property of water to bear to be cooled a certaia 
number of degrees without freezing'; reft favours this pro- 
perty negatively, by giving it no interruption ; but moft kinds 
of agitation interfere with its operation to a greater or lefs de- 
gree, and fome perhaps would prevent it altogether ; whilft 
others afFe6t it fo little, as not to fuperinduce the congelation, 
even when the cooling is brought within one degree of the 
greateft that the water will bear. 

Whatever be the efFeft of agitation, there is another caufe 
which much more powerfully haftens the congelation of water." 
It has been long known, that when water is cooled below its 
freezing point, the cbntaft of the leaft particle of ice will in- 
ftantly make it congeal, the glacial cryftals (hooting all 
through the liquor, from the fpot where the ice touches it, till 
the whole comes up to the freezing point. Few experiments 
of the minute kind afford a more ftriking fpeftacle than this, 
efpecially when the water has been cooled nearly as much as pof- 
fible below the freezing point ; both from the beautiful manner 
in which the cryftals (hoot through it, and the rapidity with 
which the mercury in the thermometer immerfed in it runs up 
through afpaceof loor ii degrees, ftoppingand fixing always 
at 32 in pure water. If from any circumftance, however, as a 
lefs cooling, or the addition of a fait, the fliooting of the ice 
proceed more flowly, the thermometer will often remain be- 
low the freezing point even after there is much ice in the 
liquor ; and does not rife rapidly, or to its due height, till fome 
of the ice is formed clofe to its bulb ; which exemplifies the 
3 evolution 
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evolution of the latent heat from the very particles that 
congeal. 

Many of the circumftances attending the greater or lefs 
cooling of water below its freezing point depend upon this 
principle. In a calm day, when the temperature of the air 
was about zo'', I expofcd two veffels with diftilled water to 
the cold ; one of them was (lightly covered with paper, the 
other was left open : the former bore to be cooled many 
degrees below the freezing point, whilft a cruft of ice 
always formed on the furface of the other before the thermo- 
meter immerfed in the middle of it came to the freezing 
point. This phaenomenon, which other obfervers have re- 
marked without being able to account for it, appears to me 
clearly owing to frozen particles, which in frofty weather are 
almoft always floating about in the air, often perceptibly to the 
fenfes. They come moft commonly either from clouds paffing 
over head, or from fnow or hoar-froft lying upon the earth ; 
and when they touch the cooled furface of the water, inftantly 
make it freeze. That the effeft does not depend (imply on 
the contadt of cold air, is plain from the following experiment. 
I expofed to the cold a glafs jar, with fome diftilled wafer, and 
placed in it two thermometers; one immerfed in the water, 
the other fufpended a little above its furface, in the empty part 
of the jar. The latter funk fafter than the former; but after 
a certain time, the thermometer above the furface was at 25% 
and that in the water at 2.5°!, yet .the water continued un- 
frozen. I perceive too by M. Wilcke's experiments, that 
in much more intenfe cold than we ufually experience in this 
country, veflTels of water ftanding within doors in a laboratory 
are often cooled fo far below the freezing point as to become 
almoft full of ice upon being made to (hoot, though the 
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furface of the water be in no wife defended from the cold air 
of the laboratory. Oil fpread over the furface of water hjls 
been found to prevent it from freezing, when other water 
(imilarly expofed has had a cruft of ice formed upon it. This 
I afcribe entirely to the prevention of frozen particles from 
coming in contaft with the water : for in experiments with fri- 
gorific mixtures, in a room of moderate temperature, I do not 
find that oil on the furface has any fenfible efFeft in enabling 
water to fupport more cold, unlefs, indeed, where the opera- 
tion is otherwife too much precipitated. Alfo a crack in the 
tumbler containing the water preveiits it from cooling below 
the point of congelation, a thin film of ice infinuating itfelf 
through the crack into contaft with the water. And often, in 
experiments with frigorific mixtures, the congelation is brought 
on by railing the immerfed thermometer a little out of the 
water, and lowering it down again ; fome of the adhering 
water having frozen upon its ftem. 

Several other circumftances, though not fo didinftly afcer- 
tained as the preceding, appear to facilitate the congelation of 
xcooled water. For inftance, in experiments with frigorific mix- 
tures, if the cold be very intenfe, the water freezes almoft 
immediately round the fides of the veffel, as if fomething 
depended on too fudden a change of temperature. Accord- 
ingly, the only way of infuring the greatefl: degree of cold in 
water without freezing, is tocoofit in a very gradual manner, 
keeping the cold of the frigorific mixture regularly only two 
or three degrees below that of the water. Sudden cooling, there- 
fore, may be confidered a^ one of the caufes which haften conge- 
lation. No doubt this will fometimes depend on fuch a cold as 
water cannot refift without freezing, being propagated through 
the glafs to the neareft part of the water, quicker than it can 
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be diftributed to the reft of the water; but, I think, the 
above-mentioned efFed): takes place when no part of the fluid 
can be fuppofed to be many degrees below the freezhig point. 

It has been alledged, that metal in conta£t, either with the 
outfide of the veflel containing the water, or with the water 
itfelf, difpofes it to freeze fooner after it is cooled below 32^, 
Though upon repeating this experiment I have found it poflible 
to cool water in a metal veflel many degrees below its freezing 
point, and even to touch it, when fo cooled, with metal 
equally cold, without producing congelation ; yet the metal 
certainly tends to haften the freezing, and, I believe, on the 
above-mentioned principle of too quick a change of tempera- 
ture, occafioned by its quality as a good condu£lor of heat. 
For the fame reafoa it is more difficult to cool water much 
below the freezing point in thin veflels than in thofe whofe 
bottom and (ides are of conflderable thicknefs; the latter 
traxifmitting the heat more flowly, and allowing it thereby to 
be diffuied more equably. 

In cooling water below its freezing point by frlgorific mix- 
tures, it is of' confequence to keep the mixture fome way 
below the upper edge of the water within the tumbler, other- 
wife the congelation quickly begins at that place. This very 
likely depends on the principle laft mentioned, that the thin 
edge of water rifing up againft the fide of the glafs, being 
more in contact with air tl^i with the general mafs of water^ 
does not fo eafily diftribute its cold, and therefore fuffers a more 
rapid change of temperature by the adion of the mixture. 
Hence one of the moft eflential precautions for cooling water 
to the utmoft without congelation, is to perform the experi- 
ment in a warm room, that the air in contaft with the edges 
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and fur face of the water may pf event their fudden cooling. 
And one of the moft convenient veffels for the purpofe is a 
round body terminating in a neck, the body to be furroundcd 
with the frigorific mixture, whilft the water in the neck is 
kept above the freezing point. 

Thefe are the principal fafts with which my experiments 
have furniflied me relative to the cooling of water below its, 
point of congelation. I fee no general circumftance that ap- 
plies to them alL At one time I thought that much depended 
on reducing the water into thin plates ; an idea which was 
principally fuggefted by the more ready congelation of the 
edges of the water where it rifes up as a thin film on the (ides^ 
and by the efFe£k of extraneous fubftances floating in the water 
to haften its freezing, which might be fuppofed frequently in 
their motions to intercept fmall portions of the fluid, and form 
It into thin plates. Agitation likewife might ad by reducing 
the water in fome part or another into (imilar plates. And as 
water impregnated with air appeared lefs capable cf being 
cooled than the faixie water deprived of its arr, it feemed not 
impof&ble tliat tlae air v might a£fc likewife by producing thin 
plates in different parts of the fluid. With a view to this hy- 
potliefis I made feveral experiments. Into a tumbler with 
diftilled water I put a. quantity of fand. Which fettled loofely 
to the bottom, and left the water above as tranfparcnt as be- 
fore.. *rhis tumbler being placid in the frigorific mixture^ 
the water bore to be cooled as well as it had done without this 
addition. Laying thin bits of glafs upon one another at the 
l)ottom of the tumbler, in place of the fand, I found no dif- 
ference in the efFeft. 3y fhis latter experiment it was more- 
over proved, that points in the water do ndt perceptibly facili- 
tate its cryftallifetion into ice. Now the thin plates or wedges 
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of water, which muft be intercepted by the bits qf fand or 
glafs, feem very analogous to fuch as may be produced by 
floating particles of extraneous matter ; and therefore the effeffc 
of the latter is probably to be afcribed to fome other caufe, 
fuch as haftening the cooling, or rendering it lefs uniform, or, 
perhaps, communicating motion to the fluid. 

In the preceding inftances, however, the water may be con*, 
fidered as conAituting, by its adhefion, a fort of continued 
body with the fubftance it touches ; and it might be fuppofed 
that, if one or both furfaces of the thin plate were in contact 
with air only, the congelation would take place. I therefore 
put.down fome air, retained by a fmall dilh of wax, into the 
water to be cooled, and let it ftay there till the whole was 
reduced many degrees below the freezing point ; hut no conge- 
lation enfued : I then contrived to turn up the difli of wax in 
the water, fo tliat the air it had carried down, efcaping fropx 
under it, afcended. as a bubble to the top of the water, and 
there burfl : ilill the water retained its fluidity, notwithftanding 
the contact of a loofe bubble of fuch cold air, and the motion 
produced by its exploflon on the furface. In other experiments, 
I have indeed feen the burfting of a bubble on the furface ap- 
parently bring on the congelation ; but feemingly . from the 
agitation it occafloned. And though a wetted furface, or a 
fmall thin portion of. water, freeze in general. more readily 
than a larger mafs, yet 1 1 have feen inftances of ajar cooled 
many degrees below the freezing point, and the water and air 
in it equally cold, which had, nptwithftanding, upon its in- 
lide, from the furface of the water to an inch or, more above 
it, an evident dew that remained quite fluid, and rendered the 
furface of the glafs wet. Under the fame circumftances alfo, \ 
have raifed the thermometer out of the cooled water, without 
occafioning any congelation in the adhering thin film of that 

T 2 fluid. 



140 ^^* Blagden's Experiments on the 

fluid. Thefe fafts, though they do not fhew but that a film of 
water, in contad on both fides with air below its freezing 
point, would at once congeal, yet, I think, are fufficient to 
prove, that its formation into thin plates is not a general caufe 
of its early freezing. ^ 

From a confideration of the above-mentioned caufes of 
freezing, and their various exceptions, I am led to think, that 
the matter in queftion depends upon fome circumftance of the 
more intimate nature or compofition of the water; for in- 
ftance, the arrangement, attractions, and perhaps fliape, of 
its particles. If we fuppofe the particles of water to poflcfs a 
kind of polarity, that is, to have particular attrafting points 
or furfaces, properly arranged, not only its cryftallifation in 
regular angles, but like wife moft of the above-mentioned phe- 
nomena, admit of fome kind of explanation. For latent heat> 
be it a matter or motion, may be confidered as a caufe either 
leflening the power or impeding the operation of this polarity ; 
the eflfeft of which is gradually diminiflied by external cold, 
till at length the polarity entirely overcomes the refiftance it 
occafions, and the attradling points or furfaces rufh together. 
Whatever tends, therefore, to bring thefe particles into a ftate 
more advantageous for their junftion, as by prefenting their 
attracting furfaces more direCUy to one another, forcing them 
nearer together, or removing attractions of a contrary ten- 
dency, and allowing the particles free fcope to follow the im- 
pulfe of their polarity, muft tend to haften the congelation. 
When particles of water, already frozen, are prefented to 
other fluid water of a proper degree of coldnefs, not only the 
attracting furfaces will be in the moft favourable pofitioa from 
the arrangement they have taken in the freezing, but very 
pofiiibly their power may be ftronger from their union with 

ont 
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one another; and hence fuch water is inftantly brought to 
freeze. Indeed it is this circumftance which conftitutes the 
freezing point; for that point is evidently nothing elfe but 
the degree of cold which renders the particles of any fluid 
incapable of refifting the attradtive power of other particles of 
the fame fluid, already reduced into a folid form : and the fad^, 
that the cold of the freezing point is lefs than the fluid will 
otherwife bear, ieems a proof that when the particles have 
acquired this arrangement of folidity, their attractive powers 
are the ftrongeft ; fo that the difference between the freezing 
pointy and the greateft cold the fluid will bear^ may be coni)* 
dered as the meafure of this additional attrad:ive force. 

Agitation may be eaiily conceived, by the various motions 
imprefled upon the particles, to occafion fome of them to apply 
their polar points in a more advantageous pofltion, or even ta 
force them nearer together ; and thefe efieds are more likely to 
be produced by an intimate agitation, than by a general motion^ 
of the whole mafs. The want of tranfparency, in certain 
cafes, as in fome folutions of falts^ feems not owing to the 
prefence of foreign matterSf but rather to depend upon a par- 
ticular arrangement of the combined particles, which may 
difpofe thofe of the water to join more readily, and detach thofe 
of the fait. Extraneous fubftances, befides their, indireft 
efiedl, may, by various chances attending thfeir floating in the 
water, throw the particles into favourable fituations ; and if 
thin plates are more difpofed to freeze, it may be, that the 
particles of water in fuch are more free from counterading 
attra^ions. 

Sudden cooling may promote congelation fimply by occa- 
fioning the water at the bottom and fides of the veflel to ac- 
quire a greater degree of cold than the reft. But perhaps it 
may have alfo another efieCly admitting of a particular expla* 
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nation. Water in freezing undergoes a confiderableexpanfion. 
This may be afcribed to fuch a form of its particles, andpofi- 
tion of their poles, as fhall make them, when touching and 
adhering by thofe poles alone, intercept very large interftices, 
which may be confideredas the pores of the ice. Various pofi- 
tions of the poles and figures of the particles may be con- 
ceived, which (hould caufe them to occupy more fpace, when 
touching in certain points only, than they filled when lying 
near without any contaft. But in whatever way the cxpan- 
fibn is produced, experiment hath (hewn that it begins fome 
time before congelation ; fo that when water is cooled down 
to 32"*, it is already fenfibly expanded ; and if the congelation 
does not take place here, this expanfion augments, ip pro- 
portion as the water is further cooled*. The expanfion, 
therefore, being fo evidently an approach to freezing, may 
be confidered as an indication that the polarity 'already pre- 
vails fo far as to draw the particles ibmewhat out of the 
fituation they naturally aiTume in the higher temperatures. And 
it is conceivable, that if this operation go on very quick, and 
the confequent change of pofition in the particles be made "with 
fome degree of velocity, they may acquire a fmall momentum 
of motion, enabling them to overcome a refinance vrhich 
would otherwifc prevent their junftion. 

* In experiments where the water has cooled much below its freezing point, 
I have feen the expanfion fo great as to bear a tonfiderable proponion to the 
whole expanfion produced by freezing, which laft, I believe, is more than one- 
feventh of the volume of the water. It feemed tome as if the expanfion proceeded 
in an increafing ratio, being much greater upon the.lafl degrees of cooling than it 
was upon the firfl. The difficulty of procuring a proper apparatus for thefe experi- 
menta has hitherto prevented me from afcercaining the quantities with precifiion. 

As 
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As chemical combinations all depend upon attractions be- 
tween the fubftances which unite, it is not difficult to conceive, 
that a particle o£ fait, an acid, or the like, may attract a particle 
of water in fuch a manner as (hall oppofe or diminifh its attrac- 
tion for the other particles of water. Hence the polarity may 
be fo much weakened, as not to bear the fame proportion to the 
refifling power of the htent heat, till this alfo is diminilhed 
by a greater degree of cold, which conftitutes the new freez- 
ing point. But when, by increafmg the cold, all the powers 
are reduced to a fimilar (late of equilibrium, exaAly the fame 
phaenomena take place as belong to the natural freezing point 
of the water. 

To ailift the conception, I have here reafoned upon the par- 
ticles of water as foiid, and of a determinate fhape. But it 
feems moft probable, that the particles of matter in general 
are nothing mor^ than centres to certain attractive and repul- 
five powers; on which hypothefis it may beunderdood, that if 
two or more of thefe central points are brought much within 
the limits oi their refpedtive attractions and repulfions, theie 
powers will no longer be equal at equal diftances from their* 
com0K>n centre. Now fuch a combination qf central points 
may be coniidered as one paoticle of any particular matter ; . 
and the unequal diftances from the common centre at which 
the attra^ioDS and repulfions are equal will , define .^vhat may^ 
be called the (hape of that particle. And if, at equal diftances, ^ 
the attraction or. repulfion is much greater ^t one point than at 
another, that will conftitute a polarity. 

The greatest cold:! have. been able tofl^ake water acquire 

without freezicig, is .near 12 degrees of F!a;eii^9))H£it's fcale 

below its common freezing point. Some diftilled water was 

boiled about a quarter of ^an ^|iopr in a tin gup, and j)laced in 
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the fame veffel, whilft ftill warm, in the frigorific mixture. The 
mixture was made to aft very flowly, fp that the operation con- 
tinued more than an hour. When the immerfed thermometer 
had funk to 20°|, the water was ftill fluid : I then (hook it 
confiderably, but no ice formed. After waiting fome time, 
and finding the thermometer would fmk no lower, becaufe by 
the length of the procefs the fnow of the mixture was almoft 
confumed, I added fome frelh materials, which could not be 
done without (baking the tin cup. Still, however, the 
water did not freeze inftantly, though it (hot as foon after 
as it can be (uppofed to have felt the influence of the new 
frigorific mixture. When this water was cooled to 24% I 
tried the temperature of the air near its furface, and found 
it 34'' or ^f^ the experiment being performed in a room with 
a fire. 

Another time I cooled fome diftilled wa|:er, covered with 
oil, below«2i% by fimilar precautions. 

This, however, is by no means the greateft cooling of 
which water is fufceptible. In Fahrenheit's experiment, 
with an exhaufted globe half full of boiled rain water, it 
fcems to have been cooled to i5''». M. de Luc likewifc in- 
forms us, f that having filled a thermometer with fome water 
he had purged of air by the means defcribed in his great work 
upon the atmofphere, he expofed it to a cold which funk a mer- 
• curial thermometer to 14® of Fahrenheit's fcale. The water 
in the thermometer continued tranfparent, and upon breaking 
the ball was found to be liquid, but froze that inftant. In 
fome of my experiments too with mixtures of nitrous acid 
and water, the liquor bore to be cooled as much .as 13 degrees 

* Philofophical Tranfaflions, Vol. XXXIII. p. 81. 
t Idfes iiir la Mit^orologie, Tom. II. p. 105. 
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below Its new freezing point; and it has been already ob- 
ferved, that the addition of an acid always expelled much air from 
the water. It is not improbable, therefore, that if water 
could be thoroughly purged of air, It would readily bear to be 
cooled 1 8 degrees, or more, below Its freezing point, without 
congelation ; though the deprivation of air, obtained by boil- 
ing it. Is fuch only as will barely enable it to admit a cooling 
of 1 2 degrees. 

Other fluids may bear to be cooled much more below theii: 
proper point of confolldation. This is evidently the cafe in 
what Mr, Cavendish calls * the fplrltuous congelation of 
acids. Mr. M^ Nab*s nitrous acid bore to be cooled from 30 
to near 40 degrees below its freezing point + ; and Mr. Keir^s 
vitriolic acid at the flrength of eafieft freezing continued fluid 
at 29^, though its heat became 46''| when It began to congeal |. 
How low quickfilver may be cooled Kas not yet been afcer- 
talned, but probably many degrees below - 40*. 

So many of the above-mentioned fa£ks were ooferved In the 
year 1783, that I then ventured to remaiic^* that " Inde- 
" pendently of thefe circumftances, neither ftlrring, agita- 
" tion, a current -of frefh air on the fgrface,' nor the con- 
" taft of any extraneous body not colder, would [necefla* 
" rlly] caufe the water to (hoot into ice, notwithftanding the 
" repeated aflfertlons of authors to the contrary **.'* Similar ex- 
periments, made in the courfe of the fucceeding winters, have 
confirmed In general the former refults, and furnlKhed the 
materials of the preceding (heets. I am very feniible, that the 

♦ Philofophical Tranfaaions, Vol, LX XVI. p. a6i, 

t 3bid. p. 252. 

X Ibid. Vol. LXXVII. p. 279. 

** Ibid. Vol. LXXIII. p. 358. 
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fubjedt ftill remains involved in great obfcurity ; nor fhould I 
have troubled the Society with an account of experiments 
which leave fo much uncertainty^ had 1 not thought that they 
tended to elucidate a few points, and to correft fome erroneous 
opinions. I hope that perlbns inhabithig a climate more ad- 
vantageous for the purpofe, will be induced to undertake fuch 
experiments in another, and probably a more fuccefsful way, by 
expofure to natural cold. 
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Xl. Experiments and Obfervations relating to the Principle of 
Acidity^ the Compojition of Water^ and Pblogjjlon. By 
Jofeph Prieftley, LL.D. F. R. S. 



Read February 7, 1788* 

THAT water confifts of two kinds of air, dephlogifti- 
cated and inflammable, is now, I believe, generally 
admitted as one of the moft important, and beft afcertained^ 
doftrines in chemifliry- My own experiments having feemed 
to favour it, I made no difficulty of receiving it myfelf : but 
having, at the time of the publication of the laft Volume of 
my Experiments, found that, in decompodng the two kinds 
of air above mentioned by the eledtric fpark, I got much lefs 
water than I expelSed, and, inftead of it, a dark-coloured va- 
pour, not eafily condenfed, I could not help concluding that 
fbmething yet remained to be inveftigated with refped to this 
fubjeft, and determined, at a proper opportunity, to refume 
my inquiries into it. 

At that time, however, I had no fufpicion of any acid 
being produced in the procefs; having never been able to find 
any in the water which I had hitherto procured in pretty large 
quantities from the decompofition of thofe two kinds of air, 
though the doctrine of dephlogifticated air being, or contain- 
ing, the principle of univerjal acidity^ had been advanced by 
M. Lavoisier, and admitted by myfelf and others. 

Swfpeding that much of the water which had been procured 

U 2 ill 



148 Dr. Priestley's Experiments and Obfervations on 
111 the above-mentioned procefs was no proper conftituent part 
of the air, but only fuch as had been diffufed through it, and 
in fome manner attached to it, and kept fufpended in it, and 
therefore might be feparated from it, without decompofing the 
air ; on refuming thefe experiments, I 11 fed every precaution I 
could think of to detach all water froih the air on which £ 
operated. In order to this, I kept ' it. confined by mercury^ 
together with a quantity of fixed ammoniaCj which imbibes 
water more readily, if not in greater quantity, than quick- 
lime, or any other known fubftance. 

In this more accurate method of making the experiment,. I 
was gradually led to difcover the acid, which had efcaped my 
obfervation before. But I am not certain that I fliould have 
found it even now, if I had not been aided by the fagacity of 
Mr. Keir, who was always of opinion, that fome acid mufi 
/be the produce of this experiment, or rather that the produce 
would be ibmething which would become acid by expofure to 
the open air. 

I began with making the explofions in the fame glafs veflel 
from whicli the mixture of air had difplaced the mercury with 
which it' had been filled ; when I found, as I have obferved in 
my hft publication, the whole of the vcflel was filled with a 
denfe fmoke, which fettled into a black coating of all the 
in fide of the veflcl^ and which appeared^ as before, to be mer-* 
cury ; becoming white by expofure to the air. For fome time 
I perceived no appearance of water: but placing the veffel at a 
proper diftance from a fire, I found about a quarter of a grain 
coUefted on the oppofite fide ; when, as the veffel contained 
four ounce meafures of air, the water produced ought to have 
been at kaft a grain. 

The 
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The mercury beingan impcdimept in this procefs, 1 afterwards 
confined the mixture ofair in one veflcl (with mercury and fixed 
ammoniac as before) but, I made the explofions in another, which 
I had previoufly exhaufted of air. This veflel was larger than 
that which I had ufed before* containing fomething more than 
eight ounce meafures ; fo that the air it contained, being one<» 
third dephlogifticated and two-thirds inflammable, would have 
weighed about two grains. After one explofion the quantity of 
water coUedted appearing inconfiderable, I repeated the procefs 
in the fame veflel, and then colle£Hng the water, I found it 
not to exceed a grain and an half. 

I repeated this experiment very often, and conftantly found 
£3me water, but it always fell far fhort of the weight of the 
air decompofed. There muft, therefore, have been fomething. 
not vtty fluid adhering to the (ides of the veflel, which could 
not be diflodged by a moderate beat ; and indeed tlie glafs did 
not recover the perfect clearnefs that it had before the procefs. * 

I always obferved, that, prefently after every explofion, the 
veffel was filled with a denfe vapour, fo that it was fometimes 
impoifible to fee through it ; and before I admitted the exter-> 
nal air, 1 could pour it from one end of the veflcl to the other, 
and it feemed to fail almoft as faft as a feather in a common 
vacuum, and in general it did not difappear in»lefsthan teiv 
minutes. I even found this denfe vapour when the mixture of 
air had been confined by water. The fmell of the veflel, 
after the procefs, was that of the moft oflTenfive kind of iiv^ 
flammable air from iron. 

From thefe experiments it was fufKciently evident, thafc 
fomething more than water had been produced ; and pouring 
into the veflel a quantity of the juice of litmus, it was in-t 
ftautly turned to a deep red; fo that it was equally evident, 

that 
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that an acid had been formed. In all the preceding experi- 
ments the dephlogifticated air had been procured from man- 
ganefe ; and in all the experiments mentioned in this Paper, 
the inflammable air was from iron by water only. 

A great number of ftrong glafs vcfl'els having been broken 
in thefe experiments, and fometimes with fome hazard to my- 
felf, and the quantity of air that I was able to decompofe in them 
being fmall, I next procured a copper veffel, which contained 
about thirty-fix ounce meafures of air; and having now no 
other objeft than difcovering the kind of acid that I had pro- 
cured, 1 made repeated experiments in it ; and after every ten 
or twelve explolions coUefted all the liquid matter I copld 
find ; which, as the air had been pr^vioufly confined hy water, 
was pretty confiderable, about equal to. the weight of the air. 

The liquor that I procured in this manner was always of a 
deep blue or green, being evidently a Iblution of copper. But it 
alfo contained a redundant acid, as appeared by its turning the 
juice of litmus red. Befides this blue liquor, there was 
always a quantity of feemingly abraded copper; for it was 
perfedly and quickly diffolved by volatile alkali, as copper 
very minutely divided would have been. 

In thefe experiments I ufed, at different times, dephlogifti* 
cated air from manganefe, from red precipitate, and from red 
lead, as the mod unexceptionable of all ; and as it was obli« 
gingly furniflied me by Mr. Keir, the preparation of it may 
be depended upon. There did not, however, appear to be any 
other difference in the liquors produced by means of thefe kinds 
of dephlogifticated air, except in the fliade of the colour ; that 
from manganefe beuig of the deepeft blue, and that from red 
lead thelighteft; and this difference might be accidental. 

By 
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By the affiftance of Mr. Keir I examined thefe folutions of 
copper, and prefently found, by means of a folutlon of terra 
ponderofa in fpirit of fait, that it was not, in any of the cafes, 
the vitriolic ; and yet, a^ the dry fubftance left by the evapo- 
ration of the liquor did not deliquefce, I had concluded, that 
the acid was neither the nitrous, nor the marine ; but Mr. 
Keir informs me, thgt this is the cafe with a fully faturawd 
folution of copper in fpirit of nitre. 

Alfo Dr. WiTHEHiNG, who was fo obliging as to examine 
lome of thefe liquors for me (for, not being much accuftomed 
to thefe analyfes, I had requefted him to undertake it) had pro- 
cured from that in the produdion of which the red lead had 
been ufed, cryftals of nitre, and other indifputable indications 
of nitrous acid; ib that I was fatisfied that it was this acid that 
was produced in all the cafes^ 

I had a farther proof of the acid being the nitrous, that 
having (in order to get a quantity of liquoj that (hould be as 
little faturated with any metal as poffible) ufed a veflel of tinn(d 
iroHj I foUnd, that after fome time, when, t be tin had bfeeii 
mucb corroded (and with every procefs a confiderable.quaaf- 
tity came away) the liquor, which at firft ;iva^.c6iourlefs, yfy^ 
tinged with red. In thefe expermrcnts I made ufe of dephlor 
gifticated air from red lead* 

As both the kinds of air made ufe of in thefe' experinieijts 
were exceedingly pure, it fcems evident, that phlogifticfajted 
air does not contain all the elements of nitrous acid ;: but only 
fupplies a bafe for it, the dephlogifticatsd air (which was ufed 
in a greater proportion in the valuable experiment of Mr. Ca- 
vendish) fupplying the acidifying principle^ as 1 had con- 
jeftured in the laft Volume of my Experiments, p. 404. Be- 
fides, though all phlogifticated air could not be excluded in thofe 
a cxperi- 
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experiments in which the air-pump was ufed, this objeftion 
cannot well be made to thofe in which that inftrument was 
not ufed ; and in them the flowly condenfable vapour above 
mentioned feems to be an evident fymptom that the produce 
was not mere water. But it is a fatisfaftbry anfwer to this 
objedlion, from the prefence of phlogi/iicated air in the tube, 
tftat this kind of air is not decompofed, or at all afiefted, by 
this procefs, as will be found by mixing any quantity of it 
with the two other kinds of a'/r- 

That a confiderablc quantity of water outers into the com- 
pofition of dephlogifticated air, will not be. thought impro- 
43able, when it is confidered that, in my former experiments^ 
this appeared to be the cafe with refpeft to inflammable air. For 
without water this air cannot be procured. I can alfo now fay, 
that the fame is the cafe with refpefl: to Jixed air. It is not 
therefore improbable, that the fame may be true of every 
other kind of air, iince water is ufed in the produ£tion of 
them all. 

Terra ponderofa aerata (a fubftance of which Dr. Withering 
has given us an excellent analyfis) gives no fixed air by mere heat. 
•But I find, that when fteam is fent over it, in a red heat, in 
^n earthen tube, fixed air is produced with the greateft rapi* 
dity, and in the fame quantity as when it is diflblved in fpirit 
of fait : and, making the experiment with the greateft care, I 
find, that fixed air confifls of about half its weight of water. 

From two ounces of the terra ponderofa I got, by means of 
fteam, 190 ounce meafures of fixed air, fo pure that at firfl 
150 ounce meafures of it were reduced by agitation in water to 
3f , and of the lafl produce, 30 ounce meafures were reduced 
to one. Examining the refiduum of the firfl portion by means 
of nitrous air, I found it to be ef the ftandard of 1.5. 

After 
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After this, attending to the water expended in the procefs, I 
found that 1 procured 330 ounce meafures of fixed air' with 
the lofs of 160 grains of water. According to this, as the 
air weighed 294 grains, the witer in the fixed air muft have 
been 80 parts of 1 47 of the whole. 

In another experiment, having previoufly found that three 
ounces of the terra ponderofa yielded about 250 ounce meafures 
of fixed air, I attended only to the lofs of water in procuring 
it, and I found it to be about on?-fifth of an ounce, in two fuc- 
ceffive trials. The quantity of fixed air would weigh 225 
grains, and the water expended about 100 grains; fo that, in 
this experiment alfo, the fixed air muft have contained about 
one-half of its weight of water. 

That water enters into the compofition of fixed air, and 
adds confiderably to its weight, is farther probable from the 
folution of terra ponderofa in fpirlt of fait. Becaufe when the 
folution is evaporated to drynefs, and the refiduum expofed to 
a red heat, the weight of the air, and of this refiduum, ex- 
ceeds that of the fubftance from which it was procured ; and it 
is probable, that a red heat would expel any marine acid ad* 
hering to it. 

Forty -eight grains of terra ponderofa diflfolved in fpirit of 
fait, and then evaporated to drynefs, and expofed to a red 
heat, loft four grains, and yielded eight ounce meafures of 
fixed air, which would weigh 7.2 grains; confequently, three- 
fcvenths of the weight of the air was fomething that had 
been gained in the procefs, and therefore probably water. 

The near coincidence of the refults of thefe different expe- 
riments is remarkable, and makes it almoft certain, that no 
marine acid is retained in the terra ponderofa that has been dif- 
folved in it, after expofure to a red heat ; that the generation 
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of the fixed air carries off part of the water in the men- 
ftruum ; and that this part of the weight is about one-half of 
the whole. 

I muft obferve, that the fuppofition of water entering into 
the conftitution of all the kinds of air, and being, as it were, 
their proper b^Jis^ that without which no aeriform fubftance 
can fubfift (which the preceding experiments render in a high 
degree probable) makes it unneceflary to fuppofe,. as myfelf as 
well as others have done, that water confifts of dephlogifti- 
cated air and inflammable air,, or that it has ever been either 
compofed or decompofed in any of our proceffes. 

That water is decompofed when inflammable air is procured 
from iron by fleam, is not probable ; fince the inflammable prin- 
ciple may very well be fuppofed to come from the iron, and the 
addition of weight acquired by the iron may be afcribed to the 
nvater which has difplaced it. Alfo when the fcaU of iron^ 
ox finery cinder ^ is heated in inflammable air, it gives out what 
it had gained, vi%. the Water. 

The moft plaufible objeftion to this hypothefis is, that iron 
gains the fame addition of weight, and becomes the fame 
thing, whether it be heated in contad with fleam, or far- 
rounded by dephlogifticated air. But from the preceding expe- 
riments it appears, that by far the greatefl part of the weight 
of dephlogiflicated air is water ; and the fmall quantity of 
acid that is in it may well be fuppofed to be employed in 
forming the fixed air^ which is always found ia this procefs: 
for that there is one comnion principle of acidity, and that all 
the acids are convertible into one another (at leafl the nitrous 
acid into fixed air) is by no means an improbable fuppofition^ 
though we are not yet in pofTeffion of any procefs by which it 
may be done. It is pretty evident that, in this refpcft, nature 
adually does what we are not able to do^ 

z In 
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In my laft Volume of Experiments, I recited the particu- 
lars of one, the refult of which feemed to be diffimilar to this 
with the fcales of iron and inflammable air ; for heating r^^y^r^- 
cipitate in inflammable air, I then found little or no water % 
but having ufed more precautions, I have (ince found it in fuf« 
ficient quantity in this procefs, even though the inflammable 
air was previoufly well dried with fixed ammoniac. In this 
experiment I difcontinued the^procefs after three ounce meafures 
of air were abforbed, leaving room in the veflfel, that the moif* 
ture might be more eafily coUedled. With this precaution, 
and warming the velTel, I collected between an half and three- 
fourths of a grain of water. 

This experiment may be thought to be unfavourable to my 
prefent hypothefis, as all water was carefully excluded, and yet 
a fuflicient quantity was found in the procefs. But befides 
taking into the account the water that is neceffary to conftitute 
the inflammable air, why may not red precipitate^ in its dryeft 
ftate, be fuppofed to contain water, as well as the fcales of 
iron, which will bear any degree of heat without parting 
with it. Red precipitate is made by a liquid procefs, and there- 
fore the water, that may enter into its compofition as a calx, 
may quit it when it becomes a metal. 

I Ihall take the liberty to obferve farther, that the doftrine 
of the decompojition of water being fet afide, that of phlogijlon 
(which, in confequence of the late experiments on water, has 
been almoft univerfally abandoned) will much better ftand its 
ground, as all the newly difcovered fads -are more eafily ex- 
plained by the help of it. 

If water be not decompbfcd, both metals and fiilphur do 
certainly yield inflammable air, when fteam is made to pafs 
over them in a red heat. They cannot, therefor^ htJitnpJe fub^ 
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JlanceSy as the antiphlogiftic theory makes them to be. Alfo^ 
the fame thing that they have parted with, viz. inflammable air 
(or rather fomething that is left of inflammable air when the 
water is taken from it, and which may as well be called phlo- 
gifton as any thing elle) may be transferred to other fubftances,. 
and thus contribute to form any of the metals^ fulphur, phof- 
phorus, or any thhig elfe that has befen deemed to contain phle- 
gifton. This phlogifton alfo, no doubt, having weight, it 
perfediy correfponds to the definition of a fubfiame^ having 
certain affinities, by means of which k i« transferred from 
one body to another, as much as the different acids. 

If there be no fuch thing as one principle of phlogifton,^ 
transferable from one fubfltnnce to another, it n>uft be admitted^ 
that inflammable air' from, fulphur is real fulphur and wat^r, 
that from iron, iron and wafer, as well as that v^ry different 
fubflance, the jcale of iron^ And fince copper, or any other 
metal, may be made of inflammable air from ir0i>, &c. all the 
metals will be^ ii> faft, convertible into one another. At 
leaft, it may be faid, thtit all the component parts of any one 
metal may be fb incorporated with any other, that no teft can 
dete£l it. Alfo iron, made of inflammable air from fulphur, 
ought, upon this hypothefis, to have the proptrties of /u/pburated 
iron^ which undoubtedly it would not have. An hypothefis 
loaded with thtffi difficulties muft be inadmiflible ; whereas 
that of phloglflon is extremely (imple^and, as far as appears, of 
liniverfal application. 

The difcovery that the greateft part of the weight of in* 
flammable air,^ as well as of other kinds of air, is water, does« 
not make the ufe of the term phlogifton lefs proper : iov it 
may be ftill given to that principle^ or thing, which^ whea 
added to water, makes it to b« inflammable air ; as the term. 
5 e:gfginQiu 
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oxygenous principle may be given to 'that thing which, when it 
is incorporated with water, makes dephlogifticated ain 

As there is fomething in dephlogifticated air that fecms to- 
be the principle of univerfal acidity^ fo I am ftill inclined to 
think, as I obferved in my laft Volume of Experiments, that 
phlogifton is the principle of alkalinity^ if fuch a term may be 
ufed ; efpecially as alkaline air may be converted into inflanx* 
mable air» 

In the couri^ of experiments recited in this Paper, I difco* 
vered more completely than before the fource of my former 
iniftake, in fuppofing that fixed air was a neceflary part of the 
produce of red lead, and alfaof mauganefe. Both thefe fub* 
fiances, I find, give of themfelves only dephlogifticated* air, 
and that of the pureft kind ; and all the fixed air they yielded 
in my former experiments muft have come from the gun- 
barrel I then made ufe of, which would yield inflammable air, 
which, with dephlogifticated air, forms fixed air. For though 
the dephlogifticated air from^ red lead was fo pure that, mixed 
with two meafures of nitrous air, the riiree meafures were 
reduced to five hundredth parts of a meafure, and' the fub- 
ilance gave no fixed air at alf when it was heated in an earthea 
tube or retort ; yet by mixing iron filings with it, or with man- 
ganefe, as I had formerly done with red precipitate, I got more 
or lefs fixed air at pleafure, and fometimes no dephlogifticated^ 
air at all. 
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XII. Some Obfervations on the Irritability of Vegetable^. 
By James Edward Smith, M. D. F. R. S. 



Read February 14, 1788. 

HAVING often heard that the ftamina of the Barberry, 
Berberis communis^ were endued with a confiderable de- 
gree of irritability, I made the experiment in Chelfea Garden, 
May 15, 1786, on a bufli then in full flower. It was about 
one o'clock P. M. the day bright and warm, with little wind. 

The ftamina of fuch of the flowers as were open were bent 
backwards to each petal, and flieltered themfelves under their 
concave tips. No (haking of the branch appeared to have any 
cfFe£l upon them. With a very fmall bit of ftick I gently 
touched the infide of one of the filaments, which inftantly 
fprung from the petal with confiderable force, Ariking its an- 
thera againft the ftigma. I repeated the experiment a great 
number of times; in each flower touching one filament after 
another, till the tips of all fix were brought together in the 
xenter over the ftigma. 

I took home with me three branches laden with flowers, 
and placed them in ajar of water, and in the evening tried the 
experiment on fome of thefe flowers, then ftanding in my 
room, with the fame fuccefs. 

In order to difcover in what particular part of the filaments 
this irritability refided, 1 cut off one of the petals with a very 
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fine pair of fciffars, fo carefully as not to touch thq ftamen 
which flood next it: then, with an extremely flender piece of 
quill, I touched the outfide of the filament which had been 
next the petal, ftroaking it from top to bottom ; but it re- 
mained perfe(flly immoveable. With the fame inftrument I 
then touched the back of the anthera, then its top, its edges, 
and at laft its infide ; flill without any efFeft. But the quill 
being carried from the antliera down the infide of the fila- 
ment, it no fboner touched that part than the {lamen fprung 
forwards with great vigour to the ftigma. This was often re- 
peated with a blunt needle, a fine briftle, a feather, and feveral 
other things, which could not pofllbly injure the ftrufture of * 
the part, and always with the fame efFed. 

To fome of the antherae 1 applied a pair of fciflars, fo as to ^ 
bend their refpe£live filaments with fufEcient force to make 
them touch the ftigma ; but this did not produce the proper ' 
contradion of the filament. The incurvation remained only 
fb long as the inftrument was applied ; on its being removed, 
the ftamen returned to the petal by its natural elafticity. But 
on the fciflars being applied to the irritable part, the anthera 
immediately flew to the ftigma, and remained there, A very 
fudden and fmart fhock given to any part of a ftamen would, 
however, fometimes have the fame efie£l as touching the irri- 
table part. 

Hence it was evident, that the motion above defcribed was - 
owing to an high degree of irritabiKty in the fide of each fila- 
ment next tho germen, by which, when touched, it con- - 
trafts, that fide becomes fliorter than the other, and confe- 
quently the filament is bent towards the germen, I could not 
difcover any thing particular in the ftrudlure of that or any 
other part of the filament. 

Thls^' 
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This irritability is perceptible in ftamina of all ages, and 
not merely in thofe which are juft about difchargirig their pol- 
len. In fome flowers which were only fo far expanded that 
they would barely admit a briftle, and whole antherac were 
not near burfting, the filaments appeared almoft as irritable as 
in flowers fully opened ; and in feveral old flowers, fome of 
whofe petals with the ftamina adhering to them were falling 
off, the remaining filaments, and even thofe which were al- 
ready fallen tp the ground, proved full as irritable as any I had 
examined. 

From fome flowers I carefully removed the germen, with- 
out touching the filaments, and then applied a briftle to one 
of them, which immediately contraded, and the ftigma being 
out of its way, it was bent quite over to the oppofite fide of 
the flower. 

Obferving the ftamina in fome flowers which had been irri- 
tated returning to their original fituations in the hollows of 
the petals, I found the fame thing happened to all of them 
fooner or later. I then touched fome filaments which had 
perfeflly refumed their former ftations, and found them 
contraft with as mxich facility as before. This was repeated 
three or four times on the fame filament. \ attempted to fti- 
mulate in the midft of their progrefs fome which were return- 
ing, but not always with fuccefs ; a few of them only were 
nightly afFe<5led by the touch. 

The purpofe which this curious contrivance of nature an- 
fwers in the private oeconomy of the plant, feems not hard to 
be difcovered. When the ftamina ftand in their original pofi- 
tion, their antherae are cflfeftually ftieltered from rain by the 
concavity of the petals. Thus probably they remain till fome 
infeift coming to extrad honey from the bafc of the flower^ 
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Irritability of Fegetahks. i6i 

thrufts itfelf between their filaments, and almoft unavoidably 
touches them in the moft irritable part : thus the impregnation 
of the germen is performed ; and as it is chiefly in fine funny 
weather that infefts are on the wing, the pollen is alfo in fuch 
weather moft fit for the purpofe of impregnation. It would 
be worth while to place a branch of the Barberry flower in 
fuch a fituation, as that no infed, or other irritating caufe, 
could have accefs to it ; to watch whether in that cafe the an- 
therae would ever approach the ftigma, and whether the feeds 
would be prolific, 

I have been the more particular in thefe obfervatlons upon 
the Barberry, becaufe although feveral authors mention the 
irritability of its ftamina» none, that I can find, have related 
in what part of the ftamina this property refides, or the pur- 
pofe it ferves ; at leaft they have not purfued their inquiries 
with any great degree of accuracy, but feem moftly to have 
copied one another. Gmelin, who has written a diflertation 
exprcflly on the irritability of vegetables, has fcarcely any 
thing new on the fubjedl ; the chief part of his work is a cata- 
logue of plants which he found not to be irritable. 

The Barberry is not the only plant which exhibits this phae- 
nomenon. The ftamina ofCaSius Tuna^ a kind of Indian Fig, 
are like wife very irritable. Thefe ftamina are long and flen« 
der, ftanding in great numbers round the infide of the flower. 
If a quill or feather be drawn through them, they begin in the 
fpace of two or three feconds to lie down gently on one fide, 
and in a ftiort time they are all recumbent at the bottom of the 
flower. The motions in Dionaa mujcipulay Mimofa fenfitiva 
and pudica^ are too well known to be mentioned here. A fimi- 
lar phaenomenon has been obferved, where indeed an obvious 
botanical analogy 'would lead one to exped it, in the Droftra. 

Vol. LXXVIII. Y See 
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See Dr.- Withering*s Botanical Arrangement of Britifii 
Plants. All thefe movements are, I think, certainly to be 
attributed to irritability. We muft be careful not to confound 
them with other movements, which, however wonderftrl at 
firft fight, are to be explained merely on mechanical principles. 
The ftamina of the Parietaria^ for inftauce, arc held iii fuch 
a conftrained curved pofition by the leaves of the calyx, that 
as foon as the latter become fully expanded; or are by any 
means removed, the ftamina, being very elaftic, fly up, and 
throw their pollen about with great force. I have lately ob- 
ferved a fimilar circumftance in the flowers of Medicago faU 
cata. In this plant the organs of generation are held m a 
ftraight pofition by the carina of the flower, notwithftanding the 
ftrong tendency of the infant germen to aflume its proper fal- 
cated form* At length, when the germen becomes ftronger, 
and the carina more open, it obtains its liberty by a fudden 
Ipring, in confequence of which the pollen is plentifully Mat- 
tered about the ftigma. The germen may at pleafure be fet at 
liberty by nipping the flower fo as gently to open the carina, 
and the fame effeiSl: will be produced. 

As the foregoing experiments (hew vegetables to poflefs irri- 
tability in common with animals, fb there are plants which 
feem to be endued with a kind of fpontaneous motion. LiN- 
N^us having obferved that the Rue moves one of its ftamina 
every day to the piftillum, I examined the Rata chakpenfis^ 
which differs very little from the common Rue, and found 
many of the ftamina in the pofition which he defcribes, hold- 
ing their antherae over the ftigma ; while thofe which had not 
yet come to the ftigma were lying back upon the petals, as well 
as thofe which, having already performed their oflice, had re- 
turned to their original fituation. Trying with a quill to 
2 ftimulate 
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ilimulate the ftamina, I found them all quite devoid oi irrita* 
bilitjr. They are ftout, ftrong, conical bodies, and cannot, 
without breaking, be forced out of the pofition in which, they 
happen to be. The fame phaeaomenou has been obferved in 
feveral other flowers ; but it is no where more ftrikirig or more 
eaiily examined than in the Rue* 

I could wifli to find an Inftance of this fpontancous motion 
combined with irritability in one and the fame plant ; but, I 
CQnfefs, I do not know one. From analogy I ihould think it 
not impofiible that the Dionaa mufcipula^ atid perhaps the 
Drofera^ may have the fame motion, in their ftamina as the 
Ruta^ ParnaJJia^ znd Saxifraga^ while their leaves poflefs irri- 
tability. But if this be the cafe, the feats of thefe two pro- 
perties, being fb different and remote from each other, fhotdd 
ieem to have as little connexion as if in two difierent plants^ 
There ftill remains then this difference between aiiimals and 
vegetables, that although fome of the latter poflefs irritability, 
and others fjpodtaneous . motion, even in a fuperjor degree to 
many of the former, yet thofe properties hav6 hitherto in ani- 
mals only been found combined in one and thA fame part* 
Even Sertuiaride are not an exception to this obfcrvation. The 
greater part of their iubftance, indeed, refembles that of plants 
in being indefinitely extended, and in wanting irritability and 
fpontaneous motion. But their animated flowers or. polypes/ 
in which the eflence of their being refides, are endued with 
both thefe properties in an high degree. 

I know it is the opinion of fome philofophers that a certain 
degree of irritability muft pervade every part of vegetables, as: 
the propulfion of their fluids cannot well be conceived to be 
accompliihed by any other means. In a converfation on this 
fubje£t with the celebrated M. Bonnet, of. Geneva^ her 
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informed me, that he is ftrongly of this opinion ; and that he 
flioald'not defpair, by throwing acid or other ftimulatmg in- 
jediions into the vcffels of fame plants, of feeing with a mi- 
crofcope at once the propulfion of the fap, and the contradions 
by which it is performed* He urged me, with that amiable 
enthufiafm for which he is remarkable, to purfue the inquiry. 
Whether I do fo or not, I think the idea too interefting to be 
. kept to my felf, and (hould be glad to fee it realized by any 
one who has time and abilities for fuch inveftigations, who has 
accuracy and coolnefs in making his experiments, as well as 
fidelity and impartiality in recording them. 

I cannot conclude this Paper without taking notice of ano- 
ther very curious property which vegetables feem to poflefs in 
common with animals, although certainly in a very inferior 
degree : I mean, that properly, to ufe the words of Mr. Hitn- 
T£R, who has ftudied this principle to a vaft extent in the ani- 
mal ceconomy, by which their conftitution is capable only of a 
certain degree of a£tion confidently with health ; when that 
degree is exceeded, difeafe or death is the confequence. It is 
only by the help of this principle that I can explain why many 
plants rcfift a great degree of cold for feveral winters before 
flowering ; but, after that critical event, they perifli at the firft 
approach of cold, and can by no art be preferved fo as to fur- 
vive the winter. But n more curious inftance is that mentioned 
by LiNN^us, without an explanation, in his DiiTertation on 
the Sexes of Plants, of the long duration of the piftilla in the 
female hemp, while unexpofed to the male pollen ; whereas 
thofe to which the pollen had accefs immediately faded and 
withered away. In this cafe, I cannot help thinking, that 
in thofe piftilla on which the pollen had aded, and which con- 
fequently had performed the function for which they wtre 
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dcfigned, the vital principle was much fooner exhaufted than in 
thofe which had known no fuch ftimulus. It is, perhaps, for 
the fame reafon that double flowers, in which, the organs of 
generation being obliterated, no impregnation can take place, 
lafl much longer in perfection than (ingle ones of the fame 
fpecies, as is notorioufly the cafe with Poppies, Anemonies, 
&c. In fmgle Poppies the corolla falls off in a few hours ; but 
in double ones it lafts feveral days; and this may poflibly, 
combined with other obfervations, Ipad to a difcovery of the 
real ufe of the corolla of plants, and the fhare it has in the 
impregnation, about which there has yet been no probable 
conjecture. 
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FROM the experiments made by Mr. M*^ Nab, of wbidr 
I gave an account in the LXXVIth Volume of the 
Philofophical Tranfaftionst p. 241. it appeared, that ipirit of 
nitre was fubjeft, not only to what I call the aqueous conge- 
lation, namely, that in which it is chiefly, and perhaps in- 
tirely, the watery part which freezes, but alfo to another 
kind, in which the acid itfelf freezes, and which I call the 
fpirituous congelation. When its ftrpngth. is fuch as not to 
diflblve fo much as tVoV ^^ ^^^ weight of marble, or when its 
ilrength is lefs than ,243, as I call it for ihortnefs, it is liable 
• to the aqueous congelation fdlely ; and it is only in greater 
ftrengths that the fpirituous congelation can take place. This 
feems to be performed with the leafl: degree of cold when the 
ftrength is ,411, in which cafe the freezing poiiit is at — i^l. 
When the acid is either ftronger or weaker, it requires a 
greater degree of cold ; and in both cafes the frozen part feems 
to approach nearer to the ftrength of ,411 than the unfrozen 
part. The freezing points, anfwering to different degrees of 
ftrength, feemed to be as follows* 

Strength. 
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As fome of thefe properties, however, were deduced from 
reafoning not fufficiendy eafy to ftrike the generality of readers 
with much convidion, Mr. Nf Nab was defired to try fome 
more experiments to afcertain the truth of it ; which he was fo 
g^)od as to undertake, and has executed them with the fame 
care and accuracy as the former^ 

For this purpofe, I fent him ibme bottles of fpirit of nitre 
of different ftrengths, and he was defired to expofe each of 
thefe liquors to the cold till they froze 1 then to try their tem- 
perature by a thermometer; afterwards to keep them in a 
nearm room till the ice was almoft melted, and thei> again ex- 
pofe them to the cold, and, when a coniiderable part of the acid 
had frozen, to try the temperature a fecond time.; then to 
decant the unfrozen part into another bottle, and fend both 
parts back to England, that their ftrength might be examined. 

The intent of this fecond expolure to the cold was as fol- 
lows. Spirit of nitre bears, like other liquors, to be cooled 
greatly below its freezing point without freezing : then the 
congelation begins fuddenly; the liquor is filled with fine 
fpicula of frozen matter, and the ice becomes fo loofe and 
porous, that, if the procefs be continued long enough for a 
confiderable portion of^he acid to congeal, fcarce any of the 
fluid part can be decanted : whereas, if it be heated in this 
ftate till the frozen part is almoft, but not intirely, melted, 
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and be again exppfed to the cold, as the liquor is then in con- 
taft with the congealed matter, it begins to freeze as foon as it 
arrives at the freezing point, and the ice becomes much more 
folid and compaft. 

The intent of decanting the fluid part, and fending both 
parts back, that their ftrength might be determined, was 
partly to examine the truth of the fuppofition laid down in my 
former Paper, that the ftrength of the frozen part approaches 
nearer to ,411 than that of the unfrozen ; but it is alfo a ne- 
ceffary ftep towards determining the freezing point anfwering 
to a given ftrength of the acid ; for as the frozen part is com- 
monly of a diflFerent ftrength from the unfrozen, the ftrength 
of the fluid part, and the cold ncceflary to make it freeze, is 
continually altering during the progrefs of the congelation. 
In confequence of this, the temperature of the liquor is not 
that with which the frozen part congealed j but it is that nc- 
ceflary to make the remainder, or the fluid part, begin to 
freeze, or, in other words, it is the freezing point of the fluid 
part. This is the reafon that a thermometer, placed in fpirit 
of nitre, continually finks during the progrefs of congelation ; 
which is contrary to what is obferved in pure water, and other 
fluids in which no feparation of parts is produced by freezing. 

Moreover, from the above-mentioned experiments of Mr. 
M'^Nab it appeared, that oil of vitriol, as well as fpirit of 
nitre, is fubjeft to the fpirituous congelation ; but it fecmed 
uncertain, whether, like the latter, it had any point of eafieft 
freezing, or whether it did not uniformly freeze with lefs cold 
as the ftrength increafed. For this reafon, fome bottles of oil 
of vitriol, of different ftrengths, were fent, which he was 
defired to try in the fame manner as the former. This point, 
indeed, has fince been determined by Mr. Keir, who has 
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(hewn that oil of vitriol has a ftrength of eaiiefl: freezing ; 
and that at that point a remarkably flight degree of cold is 
fufEcient for its congelation. 

The refult of Mr. M^ Nab's experiments on the nitrous acid 
is given in the following table. 
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The firft column contains the numbers by which Mr. 
M*= Nab has diftinguifhed the different bottles. The fecond 
and third columns contain the quantity and ftrength of the 
decanted part of the liquor ; and the fourth and fifth fhew the 
quantity and ftrength of the undecanted part of the liquor. 
The fixth column gives the ftrength of both parts put toge- 
ther, or the ftrength of the whole mafs ; and the feventh is 
the ftrength of the fame acid, as it was determined before it 
was fent to Hudfon's Bay. The flrengths of the decanted and 
undecanted parts were found by faturating the liquor returned 
home with marble ; and that of the whole mafs was inferred 
by computation from the quantity and ftrength of the de- 
canted and undecanted parts; and as the ftrength thus in- 
ferred never differs from that determined before the liquors 
were fent to Hudfon's Bay by more than ^^^j. part of the 
Vol. LXXVIII. Z whole. 
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whole, 4t is not likely that the ftreij,gths of the decanted and 
undecanted parts here fet down fliould differ froxp the. truth bjr 
much more than that quantity. 

The eighth column contains the freezing poi/rts foijnd in 
the firft method, or the temperature of the liquors after . the 
hafty congelation which took place on expofing them to the 
cold without any frozen matter: in them ; and the ninth con- 
tains their temperature after the more gradual congelation 
which took place when they were cooled with fome frozen 
matter in them ; .aqd as the unfrozen . part of the .acid was 
decanted immediately after the temperature had been obferved, 
k follows, that this . column &ews the trye freezing points of 
the decanted liquors. In Tijce manner the eighth cplumn fhews 
the freezing points pf that part of the liquor which re- 
niained fluid in the firft manner, of trying the experiment; 
but as the ftrength of this part was not determined, the pre- 
cife flrengths to which thefe freezing points Gorxcfppnd are 
unknown. Thus.much, however, is certain, that th^fe pomts 
muft be below thofe of the whole mafs,. aqdJn aU probability 
muft be above thofe of the. decanted liquor ;. as there is great 
re^fon to think, that the quantity of frozen. matter was always 
kfs, and coiifequently the ftrength of the. fluid part ^trti 
lefs from that of the whole mafs,. in the firft way of trying 
the experiment than in the fecond. 

Before I draw m>y conclufions from thefe, e^perimepts, it 
will be^ proper to take notice of feme particularities .which 
occurred in trying them* 

N"* 6. was made to congeal by a freezing .flaixture. of filow 
and diluted oil of vitriol. By the time the. acid was. coQled 
to - 42% icy filaments were formed on the in fide. of the phial 
above the acid. Ten minutes after^ the acid being cooled one 

degree 
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degree more, the phial was taken out and agitated. This 
mixed the icy fihitients with the acid, and made it freeze, which 
it feems not to have done before, in confeque'nc^ of which its 
temperature rofe to -41®!. After having melted the greateft 
part of theie filaments, and again expofed it to the freezing 
mixture, Ibme fnow accidentally fell into the acid, and made 
an uncertainty in the freezing point, for which reafon it is not 
fet down. But as k is evident, that the quantity of congealed 
matter in the firft experiment was cxceffively fmall, the 
ftrength of the unfrozen part could not differ fenfibly from 
that of the whole mafs, and therefore -4i'*l is the true 
freezing point that anfwers to the ftrength of ,561. 

It is remarkable, that N"* 8. acquired by congelation a 
bluiih colour, not onlike that which the dephlogifticated ni- 
trous acid, in Mr. M^ Nab*s former experirticnts, acquired by 
dilution with fnow. It is not faid, how long the acid re* 
taiued this coldtir, but it was intirely gone when the phial 
Arrived iti England. I am quite at a lofs to iccdunt for this 
phaenofUedon^ and why it happened to this bottle only. 

N^ 1 2. when coded to --\f feemed to contain many icy 
particles; but as it afterwards bore to be cooled to -*4S% 
without their iilcrcafing, we may conclude, that they wfere 
not frozen fpirit of nitre, but only fome heterGgeneous tnatter 
feparated frblttt it. A little of the congealed part df N"" 8. 
dropped into it while at this point, made it freeze, and it rofe 
td^39«. 

Ih all the foregoing acids the ice was heavier than the fluid 
part, and in cbnfequence fubfided to the bottom; a propf 
thit it Was the fpirituous congelation which had taken place 
ititheim: biitin N"" 13. the frozen p^t fwam at top, which 
(hew&, that the cdugelatioh was of the. aqutotiB kind. 

Z 2 It 
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It may appear remarkable to thofc who read Mr. M^ Nab*s 
experiments, that thefe acids bore to be heated fo much above 
their freezing points before the ice intirely diflblved. N*^ 6. 
bore to be heated 18 degrees, N"" 7. 13 degrees, and N® 12. 
1 7 degrees above their freezing points, before all the congealed 
acid had difappeared. But as, in order to diflblve this con^- 
gealed matter, they were brought into a room in all proba- 
bility a great many degrees warmer than the points to which 
they were heated, fb that the liquors heated fail ; andasduring 
the diffolution the ice would fubfide to the bottom ; it is not 
extraordinary, that the fluid part in the phial might be many 
degrees warmer than the frozen part, unlefs the phials were 
much agitated during the time, which nothing (hews them to 
have been ; efpecially if we confider the great quantity of 
heat which, in all probability, muft be communicated to the 
frozen acid in order to melt it \ and that, perhaps, the frozen 
acid may receive and part with its heat but flowly. It muft 
be obferved, that in N^ 6. and 12, the frozen part might very 
likely be of a confiderably different firength, and iu confe^ 
querice its freezing point might be feveral degrees different 
from that of the whole mafs, fb that the temperature to 
which the fluid was heated, in order to melt the ice» migliC 
very likely not differ fb much from the freezing point of the 
ice itfelf as is here fet down. But this, could not. be the cafe 
with N^ 7. 

It mufl be obferved, that when Mr. M^ Nab wanted to try 
the temperature of N** 7. after it had frozen in the firfl: man- 
ner, the flopper fluck fo tight that he was not able to remove 
it without warming it before the fire. The thermometer was 
thvn introduced, and flood feveral minutes therein at+ i^iy or 
+ 2% As the thermometer remained fo long. at this point,, one 
4 might 
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might naturally fuppofe, that this was the ' true freezing point 
of the unfrozen acid. But yet, from what has been juft faid, 
it feems not improbable that it may be otherwife, and that 
the true freezing point may be fenfibly lower; for which 
reafon it is marked in the table with an afterilk (*) as dpubtful. 
It was before faid, that the temperatures in the ninth column 
of the foregoing table, are the freezing points anfwering to the 
ftrengths cxprefled in the third column, ^nd that -41*^1 is the 
freezing point anfwering to the ftrength of ,561 ; whence 
the freezing points determined by thefe experiments, and their: 
refpcdive ftrengths, are as follows : 



Strength. 


Freezing-point. 


f5^i 


-4«',6 


,445 


- 3»8 


»39o 


- 4 


»353 


-11 


.343 


-i3»8 


,310 


-.23 ' 


,276 


-40,3 



By interpolation from thefe datai according to Newton's 
method f, it appears, that the ftrength at which the acid 
freezes with the leaftcoldis ,418, and that the freezing point 
anfwering to that ftrength is - a%%. 

In order to (hew more readily the freezing point anfwering 
to any given ftrength, I have computed, by the fame method, . 
the following table, in which the ftrengths increafe in arith^ 
metical progreflion. 



t Princip« Math. IJb, III. prop, 40. Icm, 5^ 



Strengths 



»/♦ 
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Strength. 


Freezing point. 


Difference. 


,568 

,508 

,478 
,448 
,418 
,388 

,358 
,328 
,298 


-45,5 

-30,1 
-18,1 

- 9.4 
. - 4,1 

- 2,4 

- 4,2 

- 9,7 

-'7,7 
-27,7 


+ '5,4 
+ 8,7 

+ s^i 

+ '.7 ' 

- 1,8 

- s>s 

- 10 



It was before (hewn, that the freezing points, found by the 
firfl: method, ought to be below thofe of the whole mafs, and 
muft, in all probability, be above thofe of the decanted liquor. 
In order to fee how this agrees with obfervation, I computed 
in the above-mentioned manner the freezing points anfwerhig 
to the ftrength of the whole mafs, and compared them with 
the ebferved freezing points. The refult is given in the fol- 
lowing table. 



N^: 


Strength 
of the 
vllolo 
mafs. 


Strength 
of the 

dep9n|ed 
liquor. 


Cpmputed 
freezing 
poipt; of 

the whole 
maff. 


t.' . — r— 

Obferved freezing 
poiot. 


infirft 
method. 


In fecona 
meth'od. 


7 
8 

9 

10 

II 

12 


,439 
.407 

,393 
.357 
,320 
.283 


.445 

.390 

,35^ 

.343 

.310 
,276 


- 3.2 

- 2,6 

- J,7 
-10, 
-19,9 
-35,6 


+ ».7 

- 3;5 

- 4.5. 

-12,5 

-22,5 

-39.» 


-3.8 

r 4. 

-Xlt 

-13.8 
-40,3 



It 
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Jtmaty be obfcrved, that the freezing point of N° 7. tried 
in the firft way, is confiderably above that correfponding to the 
ftrength of the whole mafs ; but as this experiment was (hewn 
(in p. 173.) to be doubtful, and not unlikely to exceed the 
truth, we may fafely rejeft it as erroneous. All the others, 
as might be expedled, are lower than thofe correfponding ta 
the ftrength of the whole mafs, and above thbfe obfervcd in 
the fecond manner, and therefore ferve to confirm the truth of 
the above determination of the freezing points of fpirit of 
nitre ; and alfo fhew, that in this acid the point of fpirituous^ 
congelation is pretty regular, and does not depend much, if 
at all, on the rapidity with which the congelation is performed. 
The point of aqueous congelation, however, fcems liable to^ 
confiderable irregularity j for N° 13. after having been expofed 
to the cold, froze on agitation^ the congelation, as was before 
iaid, being of the aqueous kind, and the tbermometer flood 
ftationary therein at —34®. The ice being theii almoft melted,, 
k was again expofed to the cold,, till a good deal was frozen ;: 
but yet its temperature was then no lower than —32^1,, 
though the quantity of frozen matter muft certainly have beea 
much more than in the firft trial. The fluid part being thea 
decanted, and the frozen part melted, both were again expofed 
to the cold. They both were made to congeal by agitation,, 
and the temperature of the undecanted was then found to be 
"35% and that of the decanted part —sy"": fo that irfliouIA 
feem as if the freezing point found by the hafty congelation^ 
was always lower than that found the other way, which may,, 
perhaps, proceed from this caufe ; namely, that when fufii- 
eient time is allowed, the watei'y part will feparate from the- 
reft, and freeze in a degree of cold much lefs than what i^ 
a sequired 
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required to produce that efFeft, when it is performed in a inore 

rapid manner. 

Thefe experiments confirm the truth of the conclufionsi 
drew from Mr. M*^ Nab*s former experiments; for, fifft, 
there is a certain degree of ftrength at which fprrit of nitre 
freezes with a lefs degree of cold than when it is either 
ftroqger or weaker; and when fpirit of nitre, of a different 
ftrength from that, is made to congeal, the frozen part 
approaches nearer to the foregoing degree of ftrength than the 
unfrozen. Like wife this ftrength, as well as the freezing 
point correfponding thereto, and the freezing point anfwering 
to the ftrength of ,54^ come out very nearly the fame as I 
concluded from thofe experiments ; for by the prefent experi- 
ments they come out ,418, - 2%V» ^^^ "3^% and by the for- 
mer ,411, — i^i, and —31'*. But the freezing point anfwering 
to the ftrength of ,38 is totally different from what I there 
fuppofed. This muft have been owing to the ftrength of that 
acid having been very different from what I thought it; which 
is not improbable, as its ftrength was inferred only from the 
quantity of fnow which was added to it in finding the degree 
of cold produced by its mixture with fnow. 

After the foregoing experiments were finiftied, Mr. M^ Nab 
made fome more for determining the freezing points both of 
the decanted and undecanted part ; but for want of a fufEcient 
explanation of the manner in which they were executed, I 
have not been able to make any ufe of them. In their prefent 
ftatc they (hew much appearance of irregularity ; but this 
would very likely have been cleared up, if the circumftanccs 
had been more fully detailed. 



On 
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On the Vitriolic Acid. 

An irregularity of a remarkable kind occurred in Crying two 
of theie acids'; niamely, when the tindecanted part was melted 
and again made to congeal, its freezing point was found to be 
much iefs cold than that of the decanted part, and the dif«* 
ference was much greater than could be attributed to the 
difference of ftrength* This feems to have happened only in 
the two ftrongeft acids, namely, N^ i.anda. and in great 
meafure confirms the fuppofition which I formed from Mr. 
M^ Nab's former esperiments, that the congealed part of oil 
of vitriol differs from the reft, not merely in ftrength, but 
alfb in fbme other refpefb, which I am not acquainted with. 
It (hould feem, however, that this property does not extend to 
weak oil of vitriol. 

It perhaps may be fufpe&ed, that this property takes place 
in the nitrous acid alfo, and was the caufe of the flow melting 
of the ice taken notice of in p. ijz. But I think it more 
likely, that that pha^nomenon proceeded from the caufes thero 
afligned. 

Some fmaller irn^ularities occurred in trying the vitriolic 
acid, the caufe of which I believe was, that when this acid 
has been cooled below the freezing point, and begins to freeze, 
the congelation proceeds but flowly; fo that a coniiderable 
time elapies before it rifes to the true freezing point. Something 
of the fame kind ieems to take place in the nitrous acid alfb, 
though in a Iefs degree ; for the decanted liquors ufually con« 
tinned to freeze and depofit a fmall quantity of ice, for a few mi« 
nutes after they were poured off, though their cold, at leaft in 
fome inftances, was found rather to dimiuifh during that time. 

Vol. LXXVIII. A a It 
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It muft be obferved, that fmall fpicula of ice always came over 
along with the decanted liquor ; and to this, in all probability'^ 
the new-formed ice attached itfelf ; for otherwife it is likely^ 
that no ice would have been produced. 

The following table contains the ftrength of the acids as 
determined before they were fent to Hudfon*s Bay, and the 
quantity and flrength of the decanted and undecanted parts 
when they arrived at London, and the flrength of the whole 
mafs as computed from thence. For the fake of uniformity, I 
have exprefled their flrengths, like thofe of the nitrous acid, 
by the quantity of marble neceffary to faturate them, though 
\l did not find their flrength by a&ually trying how much mar- 
^ blc they would diffolve ; as that method is too uncertain, on 
ja^Gount of the felenite formed in the operation, and which in 
gpcd meafure defends the marble from the adion of the acid. 
The method I ufed was, to find the weight of the plumbum 
.vitriolfttum formed by the addition of fugar of lead, and from 
t thence to compute the flrength, on the fuppofition that a 
quantity of oil of vitriol, fufficient to produce lOo parts of 
plumbum vitriolatum, will diflblve 3.3 of marble; as I found 
by experiment that fo much oil of vitriol would faturate as 
much fixed alkali as a quantity of nitrous aeid fufficient to dif- 
folve 33 of marble. It may be obferved, that the quantity of 
alkali, neceffary to faturate a given quantity of acid, can hardly 
be determined with much accuracy, £or which reafon the fore* 
going lefs direA method was adopted ; efpecially as the precipi- 
tation of plumbum vitriolatum fhews the proportional flrengths,. 
which is the thing principally wanted, with as great accuracy 
as aay method I know. 
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IT 


Strength 
before 
fent. 


Decanted part. 


Undecanted part. 


Strength 

of whole 

mafs. 


Qgantity. 


Strength. 


Quantity. 


Strength. 


I 
a 

3 

4 


.977 
,918 
,846 
.758 


I3'5 

389 


.967 
.9»9 
.777 
,710 


3460 

1876 

49»5 

[ 3795 ■ 

I 547 


.963 

,905 
,850 

.753 
,803 


.964 
.9'4 
,849 

.755 



The undecanted part of N^ 4. was divided into two parts ; 
namelyy the lefs and the more congealable part ; and it is the 
latter whofe quantity and ftrength is given in the laft line. 

It is- well known, that oil of vitriol attrads moifture with 
great ayiditjr ; and fome of thefe acids were much expofed to 
the dir during the experiments made with them, and msiy 
therefore be fuppofed to have attraded fo much moifture from 
the air, as might fenfibly dimini(h their ftrength ; Atid this 
ieems adually to have been the cafe with fome of them. But 
as the bottles were well ftopped, and as, except in one acid 
which was the moft expofed to the air, the ftrength of the 
whole mafs comes out not much lefs than that determined be- 
fore the liquors were fent to Hudfon*s Bay, I imagine their 
ftrength could not fenfibly alter during their voyage home ; 
and coniequently their ftrength, at the time the laft obferva- 
tions were made with them, could not difier much from that 
here fet down. 

It would be tedious to give the experiments for determining 
their freezing points in detail ; but the refult is as follows. The 
freezing point of N'' i. tried in the firft method, was fomewhat 
above + 1% but it is uncertain how much ; that tried in the 
iecond manner* feemed - 6""^. But the freezipg point of the 
mdecanted part, after having been intirely melted, and again 

A a 2 expofed 
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expofed to the cold, wa&+9^ It ib^ be obferved, that 
though this part was in all probability at firft ftronger than the 
decanted part, yet at the time its freezing point was tried, it 
feems to have become rather weaker than "that, owing to its 
expofure to the air. It was before faid, that the freezing 
point tried in the fecond manner is that of the decanted 
liquor ; fo that the freezing point of the decahted part feems to 
have been 13 or 14 degrees colder than that of the nrtdccanted 
part ; though the difference of ftrength^ if there was aay, 
inuft in all probability have tended to produce the cofitrarjr 
effeft. 

The freezing point of N^ 2.. tried in the firA way, wai -^ 26** ; 
aaid that tried in the fccood was -30% 0^26°; bytyttthe 
freezing point of the undecantsd part was 26 or 30 degrees 
higher,, namely, at zero; a difierence which could fcar«riy 
have proceeded from the difference of ftreogth* 

The freezing point of N* 5^ could harcUy differ bruch fion 
+ 42° ; and that of N° 4. was about *- 45^ 

It Ihould be remarked, that when this kflr' add, a9 waUidtt 
N^ 2. and 2. were expoied to a great coid^ a &^Hmet)t'fortaed 
in then^ This nuift have been of a very diffeveffC nattre from 
frozen acid, aa appeared both) from its texture, which w^sis £>ft 
and mucilaginous to the feel, inftead of being gritty as tftie* 
frozen acid alws^s was ; and alio from hsf being not mudi in^ 
crcafcd by an increafe of cold ; and therefore ican% to have 
been fome impurity ieparated from the acid. Thequantky 
was greateft in N'' 4. ; but even in this, though it appeared 
great, it is likely that the real quantity was very fiaalL 

Another bottle of acid, whole ffrength was. ,659, was fent ; 
but Mr. M^ Nab was not able to make this freeze. 
From thefe essperiments it ihould ieem, that the fMezing 
4 point 
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point of oU of vitriol, anfwering to different ftrengths, is 
nearly as follows : 



Strength. 


Freezing point. 


»977 




+ I 


,918 


-a6 


,846 


+42 


.758 


-45 



From hence we may conclude, that oil of vitriol has not 
only a ftrength of eafieft freezing, as Mr. Keir has (hewn ; 
but that, , at a ftrength fuperior to this, it has another point of 
contrary flexure, beyond which, if the ftrength be increafed, 
the cold necefiary to freeze it again begins to diminifli. 

The ftrength anfwering to this Jatter point of contrary 
flexure muft, in all probability, be rather more than ,918, as 
the decanted or unfrozen part of N^ 2. feemed rather ftronger 
than the undecanted part; and for a like reafbn the ftrength of 
eafieft freezing is rather more than ,846. 

Mr. Keir found that oil of vitriol froze, with the leaft degree 
of cold, when its ipecific gravity at 60^ of heat was 1,780, 
and that the freezing point anfwering to that degree of ftrength 
i;vas + 46^ ; which agrees pretty nea||y with thele experiments, 
as the ftrength of oil of vitriol of that fpecific gravity is ,848, . 
that is^ nearly the fame as that of N'' 3. 
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franjlation of Don Michael Rubtn de Cells^s Litter to tb$^^ 
Royal Society^ relative to a Mafi of native Irm^ found in- 
ScHith-America. See p. ^J.^ 



ABO UT thirty years ago^ the various barbarous nations wh»« 
inhabited the provinces of the great Chaco Gualamba^ 
expelled the Spaniards from thence ; and fince that time, the 
countries on thefouthem part of the river Vermejo, and weftem> 
of the great river Parank have been almoft totally deierted. 
The only^ employment of the few Indians who dwell within* 
the jurifdidion of Santiago del Eftero is to gather the honey 
and wax, with which the woods abound. Thefe Indians dis- 
covered, in the midft of a wide*extended plain, a large mais 
of metal, which they called pure iron ; part of which pro- 
jected above the ground about a foot, and almoft the whole of its 
upper furface was vifible. Intelligence of this difcovery was 
immediately communicated to the Viceroys of Peru. That 
fttch a mafs of iron fhould be found in a country where 
there are no mountains, nor even the fmalleft ftone within 
a circumference of one hundred leagues, could not fail to 
appear extraordinary, notwithftanding we know there are mines 
of pure iron in Europe. Some private perfons, at the great 
riikof their lives, both from the uncertainty of procuring food 

or 
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or even water (of which none Ls to be found but what rain 
happens to be prcfcrved in fome natural cavities of the earth), 
from the danger of meeting the roving Indians, from the 
vaqops wild beafli found hi thQ& plains, fuch as tfgers, 
leopards, tapirs, from the fwarms of poifonous reptiles, and 
finally from the endlefs thickets, led on by hopes of enriching 
themfelves, boldly undertook the journey, to obtain fome of the 
metaL They tranfmitted a part of it to Lima and Madrid, 
by which no other advantage was gained than to a(certain it 
to be very foft and very pure iron. As it is forbidden bylaw, for 
political reafbns, to manufacture iron in that country, though 
different parts of it abound with iron mines ; and as it was 
aifertedf that ibe vein of iron extended many leagues, the 
vifible part being only its creft prDJeding above the ground, 
lyb^^b* when dug round, was found to meafure three yards 
from N- to S. two yards and a half from E. to W^ and about 
one*tbird of a yard in thicknels; the Viceroy of the river 
PJlata fent me with orders to examine this difeovery with 
a^guracy; and, in cafe I found it a beneficial i»iDe» tb»t I 
Ihovld eftablifii a cobny there. I accordingly fee off, wdl 
efcorted, in the beginning of ' February t 1783, from Rio 
SaJadot an ancient civilized hamlet of the Indians whom we 
call VilelaSf and purfued my journey in the direiStion £. I N.E. 
though, upon further examination, I found that I ought to 
have taken my dire&ion 1&. i SB* both corro^d. 

The afpe^ of the country between the river and the mine, 
diftant feventy leagues from the fe^ttementt is curious: it 
cQpfifta of an immcnfo plain, alternately intermixed with 
thick woods and fertile fields, forming (noft pleafing land** 
fC8pc9. ^ 

The 
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The latitude of the muie I found, by obfervation, to be 

There is not one fixed place of habitation throughout the. 
T»hole country, owing to a fcarcity of running water. That 
which is drunk by the honey-gatherers, who refide there in 
fthall bodies the greateft part of the year, colle£ling honey in 
the woods, is rain water, as I have already obferved. Thefe, 
and a few roving tribes of barbarous Indians, who refemble 
the Tartars in their way of life, and come hither, at a certain 
feaibn of the year, froni the borders of the river Vermejo, in queft 
of a wild root, wbich they call Koruu, and which they confiantly 
chew, as a remedy againft the peftilential air of their native 
country, and alfo*as a prefervadve againft the bite of poi- 
fonous reptiles, are the only people ever feen in thofe pleafaut 
and cj!xtenfive phins. 

I arrived the 1 5th of February at the place called Otumpa^ 
where the mafs was found almoft buried in pure clay and 

a(hes. 

The exterior appearance of it was that of perfedlly compaft 
iron ; but upon cutting off pieces of it, 1 found the internal 
part full of cavities, as if the whole had been formerly in a 
liquid ftate. I was confirmed in this idea, by obferving otL 
the furface of it the impreflions as of human feet and hands 
of a large fize, as well as of the feet of large birds, which 
are common in this country. Though thefe impreffions feem 
very perfedl, yet I am perfuaded that they are either a lufus 
natura^ or that impreflions of this nature were previoufly 
upon the ground, and that the liquid mafs of iron, falling upon it: 
received them. It refembled nothing fo much as a mafs of dough* 
which, having been ftamped with impreflions of hands and feet, 
and marked with a finger, was' afterwards converted into iron. , 

Vol. LXXVIII. B b I began 
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I began to cut off part of it with chiH^ls ; and in feparating 
from the mafs twenty- five or thirty pounds, I fpoiled all the 
chiffeis I had, to the number of fevcnty. 

I ordered my men to dig round it, and found tht under fur^ 
face covered with a coat of fcoriae from four to fix inches thick; 
undoubtedly, occafioned by the moifture of the earthy becau& 
the upper furfacc was clean. , 

Having moved it half round, by means of handfptkes, I 
ordered the ground under its bed to be dug to a coniiderablo 
depth, and even blew it up in two places v^th gunpowder^ 
after which, examining the deepeft part of tbie earthy I: found 
it exactly like the upper part, and of the fame nature as the 
earth of all the country, as likewife of two pits, which I 
had' dug at the diftance of feventy or one biindred paces £• 
and W. of the mafs. Finding here no root or trace of gene<» 
lation, I reafoned in the following manner*. . 

Either this mafs was produced in the fpot where it lies, or 
it was conveyed hither by human art, or caft hither by ibme 
operation of nature. It could hot be generated here, accprd* 
ing to any known pitocefs of nature* And whence, by whom, 
or how, could it be conveyed hither, as, there are no iron 
mines within hundreds of leagues, nor remembrance that any 
have been worked in the kingdom ? It could be of no valuey 
iince it could not be ufed ; and why bring it into a coumtry 
the moft uninhabitable of all the Chaco,.from the want of 
water? Befides, h. / could fo heavy a mafs be conveyed, 
the Indians never having known the ufe of wheel carriages I 
This mafs, therefore, muft have been the e&& of fome 
volcanic explofion. 

Many circumftances induce me to think fo. Volcanos fre« 

quently leave behind them, after eiplofioD| pits of water, 

I cither 
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either hot or cold $ and at the diftance of about two leagues to 
the caft of thi» mafs, I difcovercd a brackiih mineral fpring, 
the only one to be found in all this country. In the whole 
diftridl of the Chaco I travelled over, I obferved no difference 
in the level of the ground, except the very fpot where I 
made this difcovery; and here only I found a gentle af* 
cent; running i^om N. to S. and which attraded my no- 
tice before I had feen the mafs of iron. This afcent is 
between four and fix feet s^bove the reft of the country* 
The earth in ^ery part around this mafs, as well as about 
the bvackifli fpring, is a very light, loofe earth, like afhes, 
^ven in colour* The grafs produced immediately contiguous, 
called Ahivi, is (hort, fmall, and extremely unpalatable to cattle ; 
whereas the grafs found in the reft of the country, at a little 
diftance from the mafs and fait fpring, is long and very grate^ 
fultathem. 

At a little depth in the earth are found ftones of quartz, 
«f a beautiful red colour, which the' honey^gatherers make 
ufe of aa flints to light their fires. They had formerly 
carried fbme of them away, on account of their peculiar 
beauty^ being ipotted and ftiidded as it were with gold^ 
One of thefe, that weighed about an ounce, came into 
liie hands of the Governor of Santiago del Eftero, who told 
me, that he ground it, and ihewed me more than a drachm 
of gold that he had extraded from it. 

It is an undoubted fa£t, that in thefe immenfe forefts there 
exifta a mafs of pure iron, in the fliape of a tree, with its 
branches* Many, of the Indians have feen it ; and the inh^r 
bitants of the colony of the AviponeS) are acquainted with 
the fpot where it lies. A diftinguiflied European of the city 

Bba of 
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of Salta touched it. The body of this tree -extends upon the 
ground in the diredion from E. to W. having left behind to 
the E. a part which lies in the dire£tion from N. to S. and it 
is from this that the pieces of metal may have been taken with 
a chiffcl. , From this account one may venture w form the 
following hypothefis. 

I will fuppofe^ that the volcanic explofion happened in the 
fpot where I difcovered the brackifli fpring ; that by the explo- 
lion a great quantity of earth was raifed, and formed the eleva- 
tion of this part of the plain above the i:eft ; that it was origi- 
nally much higher, but the continual rains of the Chaco^ 
which is overflowed a third part of the year, are always ading 
to bring it to a level with the reft of the country. 

The direftion of the greateft portion of the mafs of iron 
ejefted was from E, to W. and being heavier reached to 
the diftance where it is found. Another portion of the 
matter fmaller, and' perhaps more fluid, feparated and took 
another diredion, running into fevera) flreams, as when 'water 
is thrown out of a pail. This fmall portion of matter having 
cooled, and the earth which fupported it being waflied away 
gradually by the water, muft, I apprehend, have formed what 
is now called the Tree of iron. 

The faline and antrmonial matters, which ufually accompany 
all minerals, muft have been fcattered round about in a iimilar 
manner, and rendered the ground barren. 

In the kingdom of Santa Fe de Bogotk, there is found duft 
of platina mixed with gold. AlnK>ft every body knows the 
great aflSnity there is between thefe two metalfs, ib that it is 
not furprizing, confidering all thefe reafons, that the Ere of the 
volcano (hould have melted the platina which lay above the 
gold, and thrown it up« This principle of volcanos is the 
4 moft 
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moft natural to account for the formation of thofe famous 
inaffes of filver found feparate at Guantajaia, about which fo 
many extravagant and ridiculous ftories have been told. 

The mafs of iron, which is the fubjeft of this letter, ac* 
cording to its cubic meafure, and allowing it a little more 
fpecific gravity than iron, muft weigh about 300 quintals. 

(Sig.) Chcv. MICH. RUBIN DE CEUS. 

From the Ifland of Leon^ 
June 20, 1786. 
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ME T E a» t G I C A L J a U ft; M A L. 






* 


for January i}Sy^ 




Time. 


Therm. 


Therm. 


Barom.. 


Rain. 


Windf.. 










without 


within. 








W>alk^r 




H. 


M. 






Inches. 


Inch.s 


Points. 


Str. 


W CiMUCi • 


Jan. 1 


8 


o 


37 


4Sf 


30.42 


0,04a 


SW 




Fine. 




2 


o 


43§ 


47i 


30.39 




SSW 




Cloudy. 


2 


8 


o 


34 


45 


30,42 




wsw 




Foggy. 




2 


o 


36 


45 


30,40 




wsw 




Cloudy. 


3 


8 


o 


37 


47i 


30,34 


0,037 


SW 




Cloudy. 




2 


o 


40 


5° 


30,37 




wsw 




Cloudy. 


4 


8 


o 


40 


48 


30,51 




wsw 




Cloudy^ 




2 


o 


44 


51 


30.53 




wsw 




Cloudy. 


5 


8 


o 


42i 


50 


30,45 




wsw 




Cloudy. 




,2 





47 


5* 


30,42 




WNW 




Cloudy. 


6 


8 


Q 


44 


5» 


30.35 




NW 




Cloudy. 




2 


o 


47 


5^ 


30,37 




NNE 




Cloudy. 


7 


8 


o 


33 


501 


30,60 




NE . 




Fine. 




2 


o 


36 


5« 


30,62 




EN& 




Fine. 


8 


8 





27 


48 


30.64 


. 


ESE 




Foggy. 




2 


o 


34 


50 


30.63 




NEbyN 




Cloudy. 


9 


8 


o 


3b 


49 


30,63 


a,oi7 


NNE 




Foggy. 




2 


o 


40 


5oi 


30,60 




NNE 




Cloudy. 


lO 


8 


o 


35, 


49 


30.44 




SE 




Cloudy. 




2 


o 


34i 


S^i 


30,41 




SE 




Cloudy. 


II 


8 


o 


34i 


48i 


30,^9 




SE 




Cloudy. 




2 


o 


40 


SOi 


30,10 




SEbyS 




Fine. 


12 


8 


o 


34i 


49 


29.83 




SE 




Fine. 




2 


o 


40 


52 


29,68 




SE by E 


2 


Fine* 


»3 


8 





37 


48 


29»52 




SEbyS 


2 


Fine. 




2 


o 


45 


5$ 


29,59 




SSE 


2 


Cloudy. 


H 


8 


o 


37 


48 


29,89, 




SEbyE 




Foggy. 




2 





45 


5° 


29,91 




SEbyE 




Fine. 


»5 


8 


o 


33i 


^^ 


30,04 




SE 




Foggy. 




2 


o 


34 


50f 


30,02 




ESE 




Foggy. 


i6 


8 


o 


30 


48 


29,90 




SEbyS 




Foggy. 




2 


o 


36 


49 


29.85 




SE I 1 


Cloudy. 
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■ 


for 


Januaiy 1787. 




Time. 


Therm. 


Therm. 


Barom. 


Rain. 


Wind. 










without 


within. 








Weather^ 




H. 


M. 






Inches. 


Inch. 


Pointi. 


Str. 


Jan. 17 


8 





35i 


47 


30.07 




NNE 




Cloudy. 




2 





40 


49 


30,16 




NNE 




Cloudy. 


18 


8 





3° 


47 


30,26 




SW 




Foggy. 




2 





38 


5° 


30. '3 




wsw 




Rainy. 


19 


8 





33 


48 


30.27 


0,010 


NW 




Foggy. 




2 





39i 


SO 


30,25 




NW 




Foggy. 


20 


8 





43 


48 


30,16 


0,09.5 


NW. 




Foggy. • 




2 





49 


SI 


30,16 




NNW 




Cloudy. 


21 


8 





44 


49 


30,16 


0.018 


NW 




Foggy. 




2 





47 


Sa 


30,12 




NWbyN 




Cloudy. 


22 


8 





43 


49 


30,12 




NW 




Cloudy. 




2 





46 


53 


30,13 




NNE 




Cloudy. 


as 


8 





4ii 


51 


30,09 


0,016 


SWbyS 




Cloudy. 




2 


Q 


43 


53 


30,08 




W 




Cloudy. ^ 


24 


8 





41 


5a 


30.09 




NNE 




Foggy. 




2 





44 


54 


30,10 




EbyN 




Fine. 


25 


8 





11 


5ii 


30. »5 


0,029 


ESE 




Cloudy. 




2 





53 


30,18 




SEiiy^S 




Fine. 


26 


8 





28} 


S« 


30, »5 




NE^E 




Fine. 




2 





3ii 


5* 


30.05 






Cloudy. 


^7 


8 


P 


28 


49§ 


29,84 




NE 




Snow. 




2 





31 


50 


29.83 




NEbyE 




Cloudy. 


28 


8 





30 


471 


29,67 




SEbjrS 


3 


Cloudy. 




2 





^ 


49 


29,64 




SSE 


2 


Snow. 


29 


8 





47i 


29.8U 


0,068 


SbyE 


2 


Cloudy. 




2 





45 


49 


29.93 




ssw 


2 


Cloudy. 


30 


8 





47 


49 


30,27 


0,028 


SSW 


2 


Cloudy. 




2 





51 


Sii 


30.32 




SSW 


2 


Fine. 


3' 


8 





38 


5*^ 


30,38 




SW 


1 


Kine. 




2 





48i 


53 


30,38 




SW 


I 


Fine. 



Vol. LXXVIII. 



C c 



M ST E- 



[ 194 ] 





M B T E R L O O I C A L JOURNAL 








for 


February 1788. 




I'lmt, 


Therm, 
without 


Therm, 
within. 


Barom, 


Rain. 


Winds. 


' Weather. 


, 


H, M. 






Inches. 


Inch. 


Points. 


Str. 


▼ T WCIbUVA • 


. Feb. 1 


8 o 


4' 


50 


30.31 




SW 




Fine. 


. 


2 o 


5° 


54 


30.25 




SW 




Fine. 


a 


8 o 


44 


52 


30,28 


0.034 


SEby £ 




Foggy. 


• 


2 O 


48 


54 


30.28 




SSW 




Cloudy. 


3 


8 o 


45 


53 


30,11 




SW 




Cloudy. 


** 


2 O 


49 


54} 


30,01 




SW 




Cloudy. 


4 


8 o 


35 


53 


30.25 


0,046 


SEby £ 




Fine. 




2' O 


44 


54 


30.21 




SE 




Fine. 


5 


8 o 


33 


54 


30.04 




SEbyE 




Cloudy. 




2 O 


4' 


53 


29.95 




SEby E 




Fine. 


6 


8 o 


37 


51 


29,87 




SWbyS 




Cloudy. 




2 O 


44 


53 


29.82 




SW 




Cloudy. 


7 


8 o 


48 


Sa 


29.55 


0,020 


Sby W 




Rainy. 




2 


5* 


54 


29.55 




SSW 


2 


Cloudy. 


8 


8 o 


37 


52 


30,01 


0,018 


SW 


I 


Fine* 




2 


49 


54 


30,01 


*■ 


SWbyW 


2. 


Cloudy.- 


9 


8 o 


461 


53 


29.77 




SWbyS 


2 


Rainy. 




2 O 


50 


54 


29.61 




SWbyW 


2' 


Cloudy^. 


10 


8 o 


43i 


53 


29.41 


0,058 


SbyE 


2 


Cloudy. 




2 O 


47 


54 


29,24 




SS£ 


2 


Rainy. 


II 


8 


41 


53 


29.21 


0,160 


SbyW 


2 


Fair. 




2 O 


45 


54 


29.05 




SbyW 


2 


Rainy. 


12 


8 o 


39i 


53 


28,68 


0,206 


SWbyS 


3 


Rainy. 




2 O 


4j 


53 


28,67 




SSW 


3 


Rainy. 


13 


8 o 


41 


5* 


28,71 


0,376 


SW 


I 


Cloudy. 




2 


45i 


53 


28,99 




W 


1 


Cloudy.. 


H 


8 o 


35 


51 


29.71 




WbyN 


I 


Fine. 




2 O 


45 


54 


29,86 




WbyN. 


I 


Fine. 


IS 


8 o 


46 


5* 


29,83 




SWbyW 


2 


Cloudy* 




a 


49 


5« 


29,81 




SW 


2 


Cloudy. 


i6 


8 o 


49 


53 


29,96 


0^026 


SW 


2 


Cloudy. 




2 


SI 


55 


29,85 1 SW 1 


2 ICloudy. \ 
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for February 1787. 




Time. 


Therm. 


Therm. 


Barom. 


Rain . | Winds. 




• 




without 


within. 








Weather, 




H. M. 






Inches. 


Inch. 


Points. 


Str. 


Feb. 17 


8 


38 


54 


30.33 




SW 




Fine. 




2 


47 


56 


30,36 




W 




Fine. 


18 


8 


42 


54 


30,30 




SWbyS 




Cloudy. 




2 


50 


55 


30,27 




W 




Cloudy. 


*9 


8 


39 


54 


30,34 




SW 




Fine. 




2 


52 


56 


30,33 




SW by W 




Fine. 


ao 


8 


40 


54 


30,27 




SbyE 




Foggy. 




2 


45 


55 


30.27 




SEbyS 




Foggy. 


ai 


8 


44 


54 


30,18 




N 




Fine. 




2 


46 


55 


30,16 




NNE 




Cloudy. 


22 


8 


331 


53 


30,16 




ENE 




Fine. 




2 


41 


55 


30,16 


* 


£ 




Fine. 


23 


8 


3» 


52 


30.14 




ESE 




Foggy. 




2 


4» 


55 


30,14 




ESE 




Fine. 


24 


8 


36 


5* 


30,08 




W 




Cloudy. 




2 


44 


53 


30,06 




w 




Cloudy. 


as 


8. 


38 


52 


30,08 




w 




Cloudy. 




2 


46 


S3 


30,03 




w 




Cloudy. 


a6 


8 


4* 


52 


30,06 


0,024 


WbyN 




Cloudy. 




2 


S» 


S3 


30,08 




WbyS 




Cloudy. 


27 


8 


40 


5» 


30." 




SWbyS 




Fine. 




2 


49 


53 


30,00 




SW 




Fine. 


28 


8 


43 


S> 


29,90 


0,073 


W 




Fine. 


# 


2 


53 


54 


29,97 


1 


WbyS I 1 


Cloudy. 
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for March 1787. 




Time. 


Therm. 


Therm. 


Barom. 


Rain. 


Winds. 










without 


within. 








Weather. 




H. 


M. 






Inches. 


Inch. 


Points. 


Str. 


March i 


7 





51 


53 


29,80 


0,107 


SW 


a 


Cloudy. 




2 


o 


15 


55 


29,62 




SW 


2 


Rainy, 


2 


7 


o 


49 


54 


29.32 


0,036 


SWbyS 


3 


Cloudy. 




2 


o 


53 


54 


29.38 




SWbyS 


2 


Cloudy. 


3 


7 


o 


46 


531 


29.45 




SWbyS 


2 


Cloudy. 




•2 


o 


49 


54 


29.03 




SSW 


2 


Rainy, 


4 


7 


o 


42 


53 


29,10 


0,076 


W 


I 


Fair. 




a 


o 


^1 


54 


29.55 




NNW 


I 


Cloudy. 


5 


7 


o 


36 


52 


29.75 




S£ 


I 


Cloudy, 




2 


o 


37 


53 


29.55 




SEbjE 


I 


Rainy. 


6 


7 


o 


44 


52 


29>44 


0,061 


SSE 


2 


Cloudy. 




2 


o 


47 


54 


29,11 




Sby E 


2 


Rainy. 


7 


7 


o 


40 


53 


29.31 


0,261 


WNW 


I 


Fair. 




2 


o 


49 


55 


^9'|2 
29^8 




WNW 


1 


Fine. 


8 


7 


o 


34 


53 




WNW 


I 


Fine. 


tf 


2 





Hi 


541 


29,92 




NW 


I 


Fiiic. 


9 


7 


o 


38 


53 


29.53 




S£ 


.2 


Haey. 




2 


o 


45 


54 


29.45 




SSE 


2 


Cloudy. 


10 


7 


o 


40 


53 


29,17 




S 


2 


Rainy. 




2 


o 


49 


55 


28,03 




SW 


2 


Rainy, 


II 


7 


o 


40 


52i 


29.85 


0,278 


w 


I 


Fine. 




2 


o 


46^ 


541 


30,01 




WbyS 


I 


Cloudy. 


12 


7 


o 


35 


54 


30.37 


0,022 


W 


i' 


Foggy,' 




2 





47 


54l 


30,41 




w 


I 


Fine. 


»3 


7 


o 


411 


52 


30.51 




WbyS 


I 


Cloudy. 




2 


o 


52 


54i 


30,51 


" 


wsw 


I 


Cloudy. 


14 


7 


o 


45 


53i 


30.5' 




WSW 


f 


Cloudy. 




2 


o 


49 


55 


30,5' 




NW 


I 


Cloudy. 


»S 


7 


o 


44 


53 


30,42 




W 


J 


Fine. 




2 


o 


55 


55 


30,40 




W 


I 


Cloudy. 


l6 


7 


o 


41 


54 


30,38 




W 


I Fine. 


1 2 


o 


52 


55 


30,33 




w 


I CJoudy. 
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for March 1787. 




Time. 


Thfcrm. 


Tberin. 


Barom. 


Raio. 


Windi. 










without 


within. 








Weaker. 


















H. 


M. 






Inches. 


Inch. 


Points. 


Str. 




March 17 


7 





46 


53 


30,28 




WNW 




Fine. 




4 





$» 


55 


30,29 


• 


NWbyW 




Cloudy. 


18 


7 





43 


53 


30.50 




NNW 




Fine. 




2 





^l 


5° 


30.49 




NNW 




Finr. 


19 


7 





38 


52 


30.41 




W 




Fine. 




2 





53 


55 


30.31 




Why S 




Fine. 


ao 


7 





40 


53 


30.24 




SW 




Foggy. 




2 





54 


56 


30,22 




SbyW 




Fine. 


ai 


7 





42 


55 


30,23 




SW 




Foggy- 




2 





56 


57 


30,21 




W 




Fine, 


22 


7 





4* 


55 


30," 




ssw 




Fine. 




2 





^\ 


56 


30,02 




ssw 




Hazy. 


^3 


7 





46 


55 


29,48 


0,019 


s 




Rainy. 




2 





54 


56 


29.44 




ssw 




Fims. 


24 


7 





38 


54 


29- 5 » 




NW 




Fine. 




2 





51 


57 


29,60 




NNW 




Fine. 


315 


7 





4» 


55 


*9,75 




SW 


2 


Fine. 




2 





47 


56 


29,63 




s 


2 


Rainy. 


26 


7 





48 


54 


29 55 


0,262 


SbyW 


2 


Cloudy. 




2 





S3 


57 


29,58 




SbyW 


2 


Cloudy. 


27 


7 





44 


54 


29.70 




SW 


2 


Fine. 




2 





53 


57 


29.70 




SWbyW 


2 


Fine. 


28 


7 





47 


55 


29.58 




WSW 


2 


Cloudy. 




2 





56 


57 


29.51 




SW 


2 


Cloudy. 


29 


7 





48 


% 


29.30 


0,016 


SW 




Cloudy. 




2 





53 


29,28 




Wby S 




Cloudy. 


30 


7 





48 


56 


29,16 


0,120 


WSW 




Cloudy. 




2 





52 


57 


29.26 




SW byS 




Cloudy. 


3» 


7 





42 


S6 


29.51 


0,025 


SSW 




Fine, . 




2 





5» . 


Si, 


2S».59 




SSW 




Fine. 



METE- 



C '98 ] 



] 


KIETEOROLOGICAL JOU1R.NAL 








for April 1787. 






Timcl 


Therm. 


Therm. 


Barom. 


Rain. 


ATindt 


• 










without 


within. 










W^tifher 




H. J 


Did. 






Inchei. 


Inch. 


Points. 


Str. 


TT «auivi • 


April I 


7 





45 


S6 


29,98 




ENE 




Cloudy, 




2 





49 


57 


30,02 




N£ 




Cloudy. 


2 


7 





44 


54 


It:^ 




NE 




Cloudy* 




2 





48 


55 




ENE 




Cloudy. 


3 


7 





45 


54 


29,68 


0,117 


ENE 




Cloudy. 




2 





49 


55 


29,66 




E 




Raioy. 


4 


7 





44 


54 . 


a9»74 


0,049 


NNE 




Cloudy. 




2 





53 


57 


29,78 
29,84 




ENE 




Fine. 


5 


7 





45 


55 




NE 




Cloudy. 




2 





5a 


56 


29,82 




NE 




Cloudy. 


6 


7 





48 


55 


29,76 




SSE 




Rainy. 




2 





51 


57 


29,7a 




SE 




Cloudy. 


7 


7 





45 


55 


29.77 


0,021 


NE 


2 


Cloudy. 




2 





49 


57 


29,85 




EbyN 


2 


Fine. 


8 


7 





4a 


5| 


30,08 




ENE 


2 


Cloudy. 




2 





47 


56 


30.12 




NEbyE 


2 


Cloudy. 


9 


7 





38 


53 


30,28 




ENE 


2 


Fine. 




2 





5« 


55 


30,24 




ENE 


2 


Fine. 


le 


7 





40 


53 


30,24 




ENE 




Fine. 




2 





56 


57 


30.>6 




NEbyE 




Fine. 


II 


7 





43 


5| 


36,07 


0,027 


SEbyE 




Cloudy. 




2 





54 


56 


30,07 




E 




Hazy. 


12 


7 


c 


40 


54 


30.07 




NE 




Cloudy. 




2 


c 


54 


57 


30,02 




NEbyE 




Fine. 


13 


7 





45 


5| 


29,9a 
29,88 


0,034 


N 




Cloudy. 




2 


c 


47 


56 




NNW 


2 


Cloudy. 


14 


7 


c 


u 


55 


29,84 




NNE 


2 


Hazy. 




2 


c 


55 


29,78 




NNE 


2 


Cloudy. 


IS 


7 


c 


40 


55 


29,80 




S 


I 


Fine. 




2 


c 


53 


57 


29,88 




S 


2 


Cloudy. 


16 


7 


c 



45 


54 


30,09 




NE 


I 


Cloudy. 




2 


53 


57 1 30,131 




NEbyE 


2 


Cloudy. 



MB T E" 



C ^99 I 



i 




» 


M.BTEOROL06ICAI.JOURNAI;. 1 






for April 1787. 




Time. 


Therm. 


Therm. 


Barom. 


Rain. 


Winds. 










without 


within. 








Weather, 




H. 


M. 






Inches. 


Inch. 


Points. 


Str. 


April 17 


7 





40 


54 


30*40 




NE 


I 


Cloudy. 




2 





43 


54 


30,40 




NE 


I 


Cloudy. 


18 


7 





45 


54 


30,13 




N 


2 


Cloudy. 




2 





S' 


55 


30,00 




NW 


2 


Cloudy. 


19 


7 





45 


54 


30,98 


0,023 


NNW 


2 


Fine. 




2 





5* 


54 


30,13 




N 


2 


Cloudy. 


20 


7 





42 


53 


30,34 




NB 


2 


Cloudy. 




2 





46 


55 


30,38 




NE 


2 


Cloudy. 


21 


7 





41 


53 


30,48 




NE 


2 


Cloudy. 




2 





51 


55 


30,4a 




NE 


2 


Cloudy. 


22 


7 





44 


53 


30,27 


■ 


NW 


2 


Cloudy. 




2 





57 


55 


30,22 




WbyN 


2 


Cloudy. 


23 


7 





48 


53 


30,20 




W 


2 


Cloudy. 




2 


p 


58 


56 


30,18 




W 


2 


Cloudy. 


24 


7 


.0 


47 


54 


30,20 




N£ 


I 


Cloudy. 




2 





56 


57 


30,22 




NE 


I 


Cloudy. 


«5 


7 





48 


55^ 


29,88 




WbyS 


I 


Cloudy, 




2 





SO 


56 


29*56 




SW 


I 


Rainy. 


26 


7 





47 


55 


29*57 


0,197 


NNW 


2 


Fine. 




2 





55 


57 


29,08 




NW 


2 


Cloudy. 


*7 


7 





47 


5^ 


29>77 




wsw 


X 


Fine. 




2 





54 


58 


29*57 




SW 


I 


Rainy. 


28 


7 





46 


56 


29,07 


0,170 


wsw 


2 


Fair. 




2 





49 


57 


29*17 




w 


2 


Cloudy. 


29 


7 





46 


55 


29*27 


0,052 


SW 


2 


Cloudy. 




2 





49 


57 


29,19 




WbyN 


2 


Cloudy. 


30 


7 





4a 


54 


29*32 


0,233 NW 


2 


Cloudy, 




2. 





45 


5^ 


29,48 


N 2 1 


Cloudy^ 1 



M £ T E^ 
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METEOROLOGICAL JOURNAL 

for May 1787. 



Time, 



Therm, 
without 



H. M. 



May I 



10 
II 
12 

M 
16 



7 

2 

7 
2 

7 
2 

7 
2 

7* 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 

2 

7 

2 

7 
2 



o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 



c 

o 
o 

c 
c 
o 



Therm, 
within. 



39 

5° 
42 
58 

SO 
60 

55 
62 
46 

54 
4» 
5' 
43 
57 
48 
62 

49 
60 

46 
49 
47 
55 
44 
61 

50 
64 
52 
c. «>3 
50 
56 
48 
54 



53 
55 
53 
55 
55 
57 
55 
59 
57 

56 
57 
56 
59 
57 
59 

57 
60 

5» 
60 

5» 

? 

60 

59 

60 

59 
61 

60 

60 
60 
60 



Inches, 



Barom. 



Rain. 



Inch. 



29,82 
29,87 

29»97 
29,92 
29»93 



29,88 
29,82 
29,9 i 
30,08 
30,21 

30*30 
30,28 

30,28 
30,28 
30,16 
30.05 
29,84 
29,76 
a9,66 

29>54 

29.45 

29,55 
29,76 

29.76 

29,74 
29,70 
29,80 
29,85 
3o»07 
30,09 
30,12 
30,11 



Winds, 



Points, Str, 



0,631 



NNE 

N 

SSE 

WbyS 

W 

wsw 
wsw 

NNW 

NNB 

NNE 

N£ 

NEbyE 

NEbyE 

NE 

NE 

NNE 

NE 

NE 

N 

SW 

sw 
w 
w 

wsw 

WbyS 
EbyN 

EbyN 

£ 

ESE 

SE 

SE 



Weather. 



Fine. 

Cloudy* 

Cloudy* 

Fine. 

Fine. 

Fine. 

Cloudy. 

Cloudy. 

Fine# 

Fine. 

Fine* 

Cloudy. 

Fine* 

Fine. 

Fine. 

Fine. 

Fine. 

Hazy. 

Cloudy. 

Rainy. 

Cloudy. 

Cloudy. 

Hazy. 

Cloudy. 

Fine. 

Fine. 

Fine. 

Cloudy. 

Fine. 

CJpndy. 

Cloudy. 

Fine. 



METE- 



C 20« ] 





METEOROLOGICAL JOURNAL 






for May 1787, 






Time. 


Therm. 


Therm. 


Barom. 


Rain. 


Wind 


• 










without 


within. 










Wcathcp. 




H. 


M. 






Inches. 


Inch. 


Pointt. 


Str. 


May 17 


7 





49 


60 


30.02 




xSE 


2 


Fine. 




2 





56 


61 


30,02 




SE 


2 


Fine. 


. 18 


7 





49 


60 


30." 




ESE 


I 


Fine* 




2 





60 


61 


30.»5 




SEbyE 


I 


Fine. 


»9 


7 





52 


60 


30.25 




SSE 


I 


Fine. 




2 





65 


62 


30,26 




SSE 


I 


Fine* 


20 


7 





52 


61 


30.26 




SSE 


I 


Fine. 


' 


2 





66 


62 


30,26 




SE 


2 


Fine. 


21 


7 





57 


62 


30,18 




SE 


I 


Cloudj* 




2 





70 


63 


30,H 




SE 


I 


Fine. 


22 


7 





56 


62 


30,08 




W 


I 


Fine. 


^ 


2 





71 


64 


30,06 




NW 


I 


Fine. 


23 


7 





53 


63 


29.97 




W 


I 


Cloudy. 




2 





58 


J63 


29,85 




W 


X 


Cloudy. 


a4 


7 





49 


61 


29,56 


0,137 


W 


2 


Rainy. 




2 





55 


6j 


29.33 




W 


2 


Fair. 


as 


7 





5° 


62 


29,50 


0,100 


WNW 


X 


Cloudy. 




2 





61 


63. 


29.63 




WNW 


X 


Fine. 


s6 


7 





53 


62 


29.53 


0,060 


WNW 


2 


Fine. 




2 





64 


62 


*9.49 




W 


2 


Clpudy. 


87 


7 





52 


6i 


29.56 


0,130 


WbyN 


X 


Cloudy. 




2 





62 


62 


29,58 




WbyN 


I 


Fine. 


a8 


7 





52 


61 


29.45 


0,059 


W 


2 


Cloudy. 




2 





, 59 


62 


29,46 




WNW 


2 


Cloudy. 


19 


7 





49 


60 


29.77 


0,020 


WNW 


2 


Cloudy. 




2 





57 


62 


29,83 




WNW 


2 


Cloudy. 


30 


7 





50 


i? 


29.93 
30,08 




NNE 


X 


Fine. 




2 





61 




NNE 


I 


Fine. 


3* 


7 





52 


60 


30.31 




NE 


X 


Fine. 


1 


2 





69 


61 


30.29 




NNE 


I 


Fine. 



Vol. LXXVni. 



D d 



METE- 



t ^0» ) 



METEOROLOGICAL JOURNAL 

for June 1787. 



Therm. |Thcrm< 
without within. 



Time, 



H. M 



Barom, 



Inches. 



Inch. 



Rain. Winds. 



Points. Str. 



li 



Weather. 



June I 



7 
2 

7 

2 

7 
2 

7 

2 

7 

2 

7 

2 

7 
2 

7 
a 

7 
2 

10; 7 

2 



It 
12 

»3 

»4 
>5 
16 



57 
65 
51 
55 
51 
<>5 

li 

5a 
64 

49 

50 
46 
60 

SI 

«>3 

59 
69 

58 
63 
58 

73 

Si 
77 
58 
64 

55 

5» 
73 
59 



60 
62 
61 
61 
61 
62 
60 
61 
61 
62 
60 
61 

59 
60 

59 

60 

60 

62' 

60 

63 
63 
64 
63 
66 
64 

65 
65 
65 
65 
65 
65 
67 



30.21 
30,10 
30,00 
30,0 r 
29,96 

29>90 
29,96 

29,91 
29,67 
29,64 

29.77 
29,81 
30,00 
30,00 
30 14 

30. '3 
30,18 

30,16 

30,14 
30,11; 

30.05 
30,04 
30.04 
30,00 

29.97 
29,90 

29.70 
29,68 
29,68 
29,68 
29,90 
29.94 i 



0,076 



0,175 



E 

N 
NNE 
NNE 

ssw 

NW 

Nfe 

NW 

SSW 

wsw 

NE 

NEby E 

SW 

SW ' 

SSE 

SEbyS 

SEbyS 

SE by S 

SEby E 

SE 

EbyS 

EbyS 

£ 

E 

ENE 

ENE 

E 

SSW 

SSE 

SSE 

SbyE 

S 



Fine, 

Cloudy. 

Cloudy. 

Cloudy, 

Fine. 

Fine. 

Cloudy. 

Cloudy. 

Fine. 

Cloudy. 

Cloiidy. 

Cloudy. 

Finf. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Fine. 

Cloudy. 

Cloudy. 

Rainy. 

Cioudy. 

Fine. 

Hazy. 

Fine. 

Cloudy. 



METE- 



C ao3 ] 



MET£OROLOOICAI. JOVRNAl. 






. 


for June 1787. 






Time. 


Therm, 
without 


Therm, 
within. 


Barom. 


Rain. 


Winds 




Weather. 




H. M. 






Inchet. 


Inch. 


Points. 


Str. 


June 17 


7 


S8 


66 


30.04 




SW 




Fine. 




2 


67 


66 


30,05 




SW 




Cloudy. 


18 


7 


58 


65 


30,08 




SW 




Fine. 




2 


66 


65 


30,00 




SW 




Cloudy, 


»9 


7 


55 


65 


29,83 


0,065 


wsw 




Cloudy. 




2 


64 


65 


29,81 




SWbyW 




Cloudy. 


ao 


7 


54 


63 


29,80 




wsw 




Cloudy. 




2 


67 


65 


29,75 




SW 




Cloudy, 


21 


7 


55 


64 


29,76 




S£ 




Hazy. 




2 


62 


64 


29,74 




S£ 


I 


Cloudy. 


22 


7 


58 


64 


29,70 


0,020 


SSW 




Cloudy, 




2 


68 


^J 


29,74 




SW 


I 


Fine. 


23 


7 


60 


65 


29,79 


0,017 


SWbyW 


I 


Cloudy, 




^ 


7» 


66 


29,87 




WSW 




Cloudy. 


a4 


7 


58 


65 


30,01 




SS£ 




Fine. 




2 


7» 


67 


29,94 




SbyW 




Fine. 


25 


7 


59 


66 


29,7» 


0,209 


SW 




Cloudy. 




2 


67 


66 


29,72 




SW 




Cloudy. 


26 


7 


57 


65 


29,78 




SWbyS 




Cloudy. 




2 


62 


66 


29,78 




SSW 


2 


Cloudy, 


27 


7 


58 


66 


29,55 


0,100 


SSW 


2 


Cloudy. 




2 


67 


66 


29,55 




SbyW 


2 


Cloudy. 


28 


7 


56 


65 


29,8a 




SW 




Hazy. 




2 


65 


66 


29,82 




SW byS 




Cloudy. 


29 


7 


55 


65 


29,8& 




SSW 




Fine. 




2 


68 


66 


29,88 




SSW 




Hazy. 


30 


7 


56 


65 


29.98 




SW 




Hazy. 


2 


72 


67 


30,03 




SW 




Fine. 



D d 2 



]|( E T E> 
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METEOROLOOICAL JOURNAL 






for 


July 1787. 






Time. 


Therm, 
without 


Therm, 
within. 


Barom. 


Rain. 


Winds. 


MT^ttlxmw^ 






H. M. 






Inches. 


Inch. 


Points. 


Str. 


w earner* 




July I 


7 


6i 


65 


30,22 




SEby E 




Fine. 






2 O 


73 


67 


30,26 




£S£ 




Cloudy» 




2 


T o 


59 


66 


30,38 




£SE 




Fine. 






2 O 


77 


68 


30.33 




£SE 




Fine. 




3 


7 o 


'! 


67 


30,38 




N 




Fine. 






2 O 


69 


30,35 




NNE 




Fine. 




4 


7 o 


66 


69 


30,37 




NE 




Fine.. 






2 O 


77 


71 


30.37 




NE 




Fine. 




5 


7 o 


65 


70 


30,24 




£S£ 




Fine. 






2 O 


78 


72 


30,18 




ESE 




Fine. 




6 


7 o 


62 


70 


29.94 




SE 




Fine. 






2 O 


•77 


73 


29,80 




S 




Fine. 




7 


7 o 


60 


70 


29,70 




SW 




Cloudy. 






2 O 


7» 


70 


29,70 




W 




Fine. 




8 


7 o 


58 


69 


29.70 


• 


WSW 




Fine. 




, 


2 


7« 


70 


29,76 




WSW 




Fine. 




9 


7 o 


59 


• 68 


29.95 




WSW 




Fme. 






2 O 


65 


67 


29.94 




WSW 




Cloudy. 




lO 


7 o 


IZ * 


^7 


29.73 


o»«3» 


ssw 




Cloudy. 






2 


68 


68 


29.74 




SW 




Cloudy» 




II 


7 o 


55 


65 


29,98 


0,083 


sw 




Fine. 






2 O 


67 


69 


29,97 




SW 




Finc^ 




12 


7 o 


58 


65 


29.73 


0,190 


WSW 




Cloudy* 






2 O 


67 


66 


29,69 




WSW 




Cloudy. 




»3 


7 o 


5! 


66 


29,66 


0,412 


SW 




Cloudy. 






2 O 


58 


65 


29,61 




SSW 


_ 


Rainy. 




»4 


7 o 


57 


65 


29.55 


0,230 


NNEj 




Fair. 






2 O 


65 


65 


29.59 




NE 




Cloudy. 




»S 


7 o 


56 


65 


29.75 


0,045 


SSE 




Cloudy. 






2 O 


66 


,6& 


29,71 


S 




Cloudy. 




i6 


7 o 


57 


66 


29,60 


0,244 ssw 


2 


Fine. 






2 O 


6^ 


66 


29.74 


ssw 


2 Fine. 1 




- 


• 














M B T «• 
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METEOROLOGICAL JOURNAL 








for July 1787. 




Time. 


Therm. 


Therm, 


Barom. 


Raia. 


Winds. 










without 


within. 

• 






• 


Weather. 


H.] 


M. 






Inches. 


Inch, 


Points. 


Str. 


July 17 


7 





55 


^5 


29.73 


0,094 


Sby W 




Rainy. 




^ 





63 


65 


29.73 




SSW 




Rainy, 


18 


7 





54 


64 


29.94- 


0,183 


SWbyW 




Fine. 




a 





62 


64 


29.93 




SW 




Fine. 


^9 


7 





5^ 


63 


30.04 


0,044 


WSW 




Fine. 




2 





66 


64 


30.04 




W 




Cloudy* 


ao 


7 





58 


63 


29,88 




SW byS 




Cloudy.; 




a 





62 


64 


29,78 




SWby S 




Cloydy. 


21 


7 





57 


63 


29.52 


0,015 


SW by S 




Cloudy- 




a 





60 


64 


29.47 




SWby S 




Rainy. 


aa 


7 





S6 


63 


29.44 


0,220 


SWbyW 




Cloudy. 




a- 





li 


64 


29,44 




SWbyW 




Fine. 


as 


7 





63 


29.49 


0.^73 


SSW 




Cloudy. 




a 





ti 


64 


2949 




SSW 




Rainy. 


24 


7 





64 


29.37 


0*305 


SWbyS 




Cloudy* 




a 





60 


64 


29,40 




SWbyS 




Rainy. 


as 


7 





57 


63 


29,54 


o»i95 


SWbyS 




Cloudy.. 




2 





63 


64 


29.51 




SW 




Cloudy* 


a6 


7:. 





55 
64 


63 


29.71 


Of23S 


SWbyW 




Fino. 


• 


a 





64 


29.75 




SWbyW 




Fine. 


27 


r 





56 


63 


29,92 


o,ni 


WSW. 




Fine. 




a 





66 


64 


29.94 




SW 




Fine. 


a8 


7 





57 


64 


30,00 


0,161 


S 




Fine. 




a 





67 


65 


29,95 




S 




Hacy. 


«9 


7 





62 


65 


29,64 




SW 




Cloudy^ 




a 





64 


65 


29,66 




SW 




Cloudy* 


30 


7 





62 


65 


29,71 


0,053 


SWbyS 




Cloudy* 




a 





67 


66 


29,70 




SW 




Fine. 


31 


7 





54 


65 
66 


29,80 


o,iaa 


SWbyS 




Rainy. 




a 





66 


29,77 




SWbyS 




Fine. 



M E T JE*» 



[ 306 ] 



MSTBOROLOOICAL JOURNAL 


for Auguft 1787. 




Time. 


Therm, 
without 


Therm, 
within. 


Barom. 


Rain. 


Windi. 


\f^f^%t)\^r 




H, M. 






Inches. 


Inch. 


Points. 


Str. 


TT v4t4AwA • 


Auguft I 


7 


H 


^J 


29,94 


0,425 


SW 


2' 


Cloudy • 




2 


68 


66 


*9.94 




SW 


2 


Fine. 


2 


7 


56 


65 


30,18 




WSW 




Fine. 




2 


67 


67 


30,26 




WSW 




Fine. 


3 


7 .0 


57 


67 


30*40 


. 


WSW 




Fine. 




2 


75 


68 


30.40 




W 




Fiac. 


4 


7 


60 


67 


30,38 




WSW 




Fine. 




2 


77 


68 


30,36 




WSW 




FiDe. 


5 


7 


64 


68 


30,.8 




ESE 




Hazy. 




2 


78 


68 


29,98 




SE 




Fine. 


6 


7 


62 


68 


30,02 




SW 


* 


Cloudy. 




2 


?5 


69 


30,04 




WSW 


_ 


Cloudy. 


7 


7 


61 


70 


30,16 




ESE 




Fine. 




2 


77 


7» 


30,16 




ESE 




Fine. 


8 


7 


6a 


70 


30,22 




S£ 




Fine. 




2 


77 


72 


30,18 




SE 




Fine. 


9 


7 


63 


71 


30,06 




ESE 




Fine. 




2 


■83 


73 


29.99 




EbyS 




Fine. 


10 


7 


64 


72 


29,91 




WSW 




Cloudy. 




2 


77 


73 


30,00 




WSW 




Cloudy. 


ji 


7 


63 , 


71 


30,04 


0,060 


WSW 




Cloudy. 




2 


H ■ 


7» 


30,05 




WSW 




Fine. 


12 


7 


58 


70 


30,86 


0,036 


SW 




Cloudy. 




2 


67 


70 


29,86 




SW 




Cloudy. . 


>3 


7 


55 


68 


30,23 


0,044 


SW 




Cloudy. 




2 


,7a 


69 


30,22 




SW 




Fine. 


»4 


7 


55 


68 


30,13 




WSW 




Cloudy. 




2 


67 ; 


68 


30,03 




WSW 




Cloudy. 


»5 


7. 


52 


68 


29,90 


0,075 


SWbyW 




Rainy. 




2 


68 : 


68 


29,90 




SWbyW 




Fair. 


16 


7 


6r 


68 


29,90 




SW 




Cloudy. 




2 


67 


68 


29,87 


SW 




Cloudy. 



METE- 



[ ao7 ] 



HIBTEOROLOGICAL JOURNAL 








for Auguft 1787. 






Time. 


Therm. 


Therm. 


Barom. 


Rain. 


Windi 


• 










without 


within. 










W^ath^r 




H. 


M. 






Inchei. 


Inch. 


Points. 


Str. 


V* GAUICI • 


Auguft 17 


7 





57 


68 


29,70 




SWbyW 


a 


Cloudy« 




2 





68 . 


68 


29,73 
29,81 




SWbyW 


2 


Cloudj. 


18 


7 





54 


66 


0,068 


SWbyS 


2 


Fine. 




2 





6S 


66 


29,76 




SSW 


2 


Hazy. 


^9 


7 





54 


66 


29,72 


0,060 


SSW 




Fine* 




2 





67 


66 


29,70 




SSW 




Cloudy. 


20 


7 





57 


65 


29,92 




W 




Cloudy. 




2 





68 


66 


29,96 




W 




Fine. 


21 


7 





54 


66 


30,18 




WNW 




Fine. 




2 





b9 


66 


30.21 




w 


I 


Cbudy^ 


22 


7 





54 


66 


30,20 




w 




Fine. 




2 





70 


66 


30,10 




wsw 




Fine. 


^3 


7 





59 


67 


29,89 


0,059 


wsw 




Cloudy. 




2 





70 


^7 


29,89 




wsw 


I 


Cloudy. 


24 


7 





5a 


65 


29,87 




wsw 




Cloudy. 




2 





58 


66 


29,70 




wsw 




Cloudy. 


^5 


7 





5a 


% 


29,28 


0,107 


wsw 




Cloudy. 




2 





54 


*9»,25 




wsw 


2 


Rainy. 


26 


7 





48 


6a 


29,68 


0,220 


wsw 


2 


Fine. 




2 





63 


63 


29,72 




wsw 


2 


Cloudy. 


27 


7 





54 


63 


29.85 


0,017 


NNW 


2 


Cloudy. 




2 





63 


63 


29,92 




NNW 




Cloudy. 


28 


7 





54 


63 


30.05 




NNW, 


X 


Cloudy. 




2 





63 


63 


30'°5 




NNW 


I 


Cloudy. 


29 


7 





54 


62 


30'°5 




WNW 




Cloudy. 


J 


2 





68 


63 


30.05 




WNW 




Cloudy. 


3° 


7 





58 


63 


30''5 




WNW 




Cloudy. 




2 





65 


63 


30.23 




WNW 




Cloudy. 


3» 


7 





58 


63 


30»34 




NW 




Cloudy. 


1 


2 





67 


64 


30'35 




NNW 




Cloudy. . 



METE* 



{ 2o8 ] 



METEOR O.I. OGICAL JOURNAL 




for 


September 1787. 




Time. 


Therm, 
without 


Therm* 
within. 


Barom. 


Rain. 


Winds. 


Weather. 




H. M. 






Inches. 


Inch. 


Points. 


Str. 


Sept. I 


7 <^ 


S9 


63 


30.38 




NNE 




Cloudy. 




2 O 


62 


P 


30.38 




NNE 




Cloudy, 


2 


7 o 


55 
63 


63 


30,40 




NE 




Cloucty. 




2 O 


63 


30,40 




NE 




Cloudy. 


3 


7 o 


54 


62 


30.44 




ENE 




Cloudy. 




2 


61 


63 


30,45 




ENE 




Cloudy. 


4 


7 o 


57 


62 


30,40 




ENE 




Cloudy. 




z o 


64 


63 


30.36 




ENE 




Cloudy. 


S 


7 


60 


62 


30.29 




ESE 




Cloudy. 




2 


68 


63 


30,24 




ESE 




Cloudy, 


6 


7 o 


l^ 


63 


30," 




ESE 




Cloudy. 




2 O 


65 


64 


30,05 




ESE 




Cloudy. 


7 


7 


57 


63 


30,02 




SE 




Cloudy. 




2 O 


65 


64 


30,02 




SE 




Cloudy. 


8 


7 


5! 


63 


30.13 




.SE 




Cloudy. 




2 


66 


5+ 


30,03 
30.18 




SB 




Cloudy. 


9 


7 


56 


63 




SE 




Cloudy. 




2 O 


64 


64 


30,18 




SE 




Cloudy, 


lO 


7 o 


J^ 


62 


30,23 




SSE 




Fine. 




2 


63 


30,22 




SE 




Cloudy. 


II 


7 


53 


62 


30,28 




SSE 




Cloudy. 




2 


63 


53 


30,28 




SE 




Cloudy. 


la 


7 


|3 


61 


30,30 




ESE 




Cloudy, 




2 


61 


62 


30.28 




£ 




Cloudy. 


«3 


7 o 


|3 


61 


30.23 
30,18 




ESE 




Cloi^y. 




Z 


61 


62 




SE 




Cloudy. 


14 


7 


II 


61 


30,10 




NE 




Cloudy. 




2 O 


61 


30.05 




ENE 




Cloudy. 


»5 


7 o 


a 


61 


29.93 
29,86 




SSE 




Cloudy. 




2 


62 




SSE 




Cloudy. 


i6 


7 


57 


61 


f9.46 


0,160 


SSE 




Rainy. 




2 0« 64 


62 


29,301 1 SSW 




Fair. 



MB T £• 



[ 209 ] 



M BT SOR OXO O I C A L J OU R N A L 1 








for 


September 


1787. 






Time. 


Therm. 


Therm. 


Barbm. 


Raia. 


Winds 


• 


\ 








without 


within. 










Weather. 




H.M. 






Inches. 


Inch. 


Points. 


Str. 


Sept. 17 


7 





Sa 


61 


29,26 


o,»Si 


SW 




Fine* 




2 





58 


62 


29>*i 




SW 




Rainy. 


18 


7 





53 


62 


29,18 


0.135 


WSW 




Cloudy. 




2 





6a 


62 


29*29 




WSW 




Fine. 


19 


7 





SI 


61 


29.47 


0,162 


WSW 




Fine. 




2 





58 


62 


29,4s 




WSW 




Rainy. y 


ao 


7 





47 


60 


29,78 


0,066 


WSW 




Fine. 




2 





63 


62 


29,78 




WSW 


2 


Cloudy. 


21 


7 





58 


61 


29.5* 


0.15s 


SSE 


2 


Cloudy. 




2 





63 


62 


29.54 




SSE 


2 


Cloudy. 


22 


7 





S6 


62 


29,68 


0,046 


SEbyS 


2 


Rainy. 




2 





65 


62 


29,61 




S 


2 


Fair. 


23 


7 





§S 


62 


29.85 


0,017 


SSW 


2 


Cloudy. 




2 





65 


63 


29,86 




ssw 


2 


Fine. 


24 


7 





57 


62 


29,92 




SSW 


I 


Cloudy. 




2 





65 


63 


*9'§4 
29,88 




ssw 


2 


Cloudy. 


as 


7 





53 


63 


0,098 


SSE 




Foggy- 




2 





6S 


64 


29.77 




SE 




Cloudy. 


26 


7 





59 


63 


29,68 




ESE 




Cloudy. 




2 





68 


64 


29,70 




SSE 




Fine. 


27 


7 





56 


64 


29,76 




S 




Foggy- 




2 





57 


63 


29,80 




S 




Cloudy. 


28 


7 





48 


62 


29,98 




S 




Cloudy. 




2 





57 


62 


30,00 




s 




Cloudy. 


29 


7 





46 


61 


30,00 




s 




Fine. 




2 





59 


61 


29>9S 




SE 




Cloudy. 


30 


7 





49 


61 


29.83 




ESE 




Cloudy. 




2 





59 


61 


29.72 




SE 




Cloudy. 



Vol. LXXVUI. 



E e 



METE- 



C ^lo J 

METEOROLOGICAL jaUR. N AL 

for O^ober 1787. 



rime. 



H. M. 



Thcrro. 
without 



Therm, 
within. 



Baroro. Rain. 



Inches. 



Inch. 



Winds. 



Points. Str 



Weather. 



oa. 



no 
II 

12 

>3 
14 

JS 

26 



7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 
2 

7 

2 

7 
2 

7 
2 

7 

2 

7 
2 

7 
2 

7 
2 

7 

2 

7 
2 

7 
2 



o 
o 
o 
o 
o 



o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 



54 
6 

5 
6 

5 

56 
57 
51 
5» 
54 
62 

54 
62 

56 
6x 

62 
56 
56 
44 
50 
39 
51 
41 
56 
41 
55 

56 

60 



61 
62 
61 
' 62 
61 
61 
61 
61 
6r 
60 

59 
60 
60 
61 
60 
61 
60 
61 
60 
60 
58 

56 
57 
56 
57 
56 
57 
55 

56 

58 I 



^9,56 

29.55 
29,71 

29.75 
29.65 
29,60 

29.56 
29,56 
a9r78 
29,82 
29,96 

29.99 
30.04 
30,08 

30,10 

30.09 
30,09 

30,03 

29.53 
29,27 

29,28 

29.25 
29,36 

29.35 
2.9,21 
29,24 
29,42 

29.57 
29,78 

29.77 

29.55 
29,66 



0,125 
0,076 



0,212 



0,170 



o,3»5 



SE 
S£ 

E- 
ESE 

S 

ssw 
ssw 
ssw 
ssw 

SSE 
SSE 
ESE 

Esjs; 

SK 
SE 

SSE 

s 

ssw 

SSW 

ssw 
ssw 
ssw 
ssw 

SWbyS 
SW , 

SWby S 

SWby S 
SW 
SW 
WSW 

I WSW 



Cloudy, 

Cloisdy. 

Cloudy.. 

Fine. 

Clondy.. 

Small rain* 

Cloudy. 

Cloudy* 

Fine. 

Cloudy.. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Cloudy. 

Foggy- 
Cloudy.. 
Cloudy* 
Cloudy; 
Cloudy. 
Cloudy. 
Cloudy, 
Fine. 
Fine. 
Fine. 
Foggy. 
Hazy. 
Fine. 
Fine. 
Cloudy. 
Fine. 



M B T X« 



I «■' ] 



METSOROLOGICAI^JOIfRNAL 








for Oaober 1787. 




Time. 


Therm. 


Tbenn. 


Barom. 


Rain. 


Winds. 










without 


within. 






. 


Wrathrr 




H. 


M. 






Inches. 


Inch. 


Points. 


Str. 


▼ T vKUICl • 


oa. 17 


7 





55 


57 


29.74 


0,015 


SWbyW 




Cloudy. 




2 





56 


56 


29,72 




SWbyW 




Cloudy. 


18 


7 


6 


46 


56 


29,64 


o,-ios 


SWbyW 




Foggy. 




2 





55 


57 


29,67 




SWbyW 




Fine. 


'9 


7 





4* 


56 


29,72 


■ 


SWbyW 




Fine, 




2 





5* 


57 


29,78 




WSW 




Fine. 


^0 


.7 





45 


56 


29,98 




WSW 




Fine. 




2 





53 


57 


30.05 




WSW 




Cloudy. 


zi 


7 





45 


55 


30.»5 




WNW 




Cloudy. 




2 





48 


57 


30. '3 




NNW 




Cloudy. 


0.2 


7 





48 


54 


29,67 


0,038 


SSW 




Rainy. 


^ 


2 





56 


56 


29.57 




SSW 




Fair. 


23 


7 


6 


44 


55 


29,68 




SW 




Fine. 




2 





54 


57 


29.77 




WSW 




Cloudy. 


24 


7 





41 


55 


29,90 




SW 




Fine. 




2 





52 


56 


29,72 




ssw 




Rainy. 


^5 


7 


c 


44 


55 


29.79 


0,223 


ssw 




Cloudy. 




2 





53 


57 


29.47 




s 




Rainy. 


26 


7 


6 


47 


56 


29,60 


0,284 


WSW 




Cloudy. 




2 


c 


5» 


57 


29,70 




WSW 




Cloudy. 


27 


7 


c 


57 


56 


29,61 


0,090 


SWbyS 




Cloudy. 




2 





59 


60 


29,72 




SWbyS 




Cloudy. 


28 


7 





58 


58 


29,90 


0,130 


SbyW 




Cloudy, 




2 


c 


60 


58 


29,94 




SSW 




Cloudy.. 


29 


7 





53 


58 


30.03 




SW 




Cloudy. 




2 


c 


58 


60 


30.07 




SW 




Rainy. 


30 


7 


c 


56 


59 


29,87 


0,03s 


SWbyS 




Cloudy. 


^f 


2 





60 


6i 


29.78 




SW 




Cloudy. 


3. 


7 
2 


c 
c 


53 
58 


60 
62 


29.55 
29,42 




SSW 
SSW 


a 


Fine. 
Cloudy. 



£ e 3 



M E T B« 



[ 212 ] 





M E 


STBOROLOGI 


CAL JOURNAL 






for November 1787. 


\ 




Time. 


Therm, 
without 


Wcrm. 
within. 


Barom. 


Rain. 


Winds. 




Weather. 




H, M. 




. 


laches. 


Inch. 


Points. 


Str. 


Nov. I 


7 


49 


61 


29»39 


0,020 


SW 


I 


Hazy. 




2 


56 


61 


29.38 




SW 


I 


Fiae. 


2 


7 


45 


59 


29.38 


0,195 


SSE 


I 


Foggy. 




2 


50 


61 


29,27 




SSE 


I 


Cloudy. 


3 


7 


^ 


58 


29.55 


0,268 


NNE 


2 


Fiae. 




2 


48 


59 


29,83 




NNE 


2 


Fine. 


4 


7 


3^ 


56 


29.96 




SSE 


I 


Fine. 




2 


48 


56 


29.67 




S 


2 


Cloudy. 


5 


7 


42 


55 


29.58 


0,135 


SSE 


a 


Cloudy. 




2 


48 


57 


29,60 




SSW 


2 


Fine. 


6 


7 


48 


57 


29,55 




WSW 


2 


Cloudy. 




2 


52 


59 


29,55 




WSW 


2 


Fine. 


7 


7 


43 


56 


29,61 




WSW 


I 


Fine. 




2 


49 


58 


29.70 




WSW 


1 


Fine. 


8 


7 


47 


56 


29.54 




SSE 


I 


Cloudy. 




2 


51 


58 


29,18 




S 


2 


Rainy. 


9 


7 


47 


56 


29,12 


0,305 


SWbyW 


2 


Fine. 




2 


li 


58 


29,48 




W 


2 


Fine. 


lO 


7 


58 


29,74 




SbyE 


I 


Fine. 


1 


2 


54 


60 


29,71 




8 


I 


Cloudy. 


II 


7 


s» 


II 


29,45 




SSE 


I 


Cloudy. 




2 


58 


29,33 




SEbyS 


1 


Fine. 


12 


7 


49 


57 


29,42 


0,080 


S 


2 


Rainy. 




2 


53 


58 


29,48 




SSE 


I 


Cloudy. 


»3 


7 


43 


58 


29,48 




£S£ 


I 


Foggy. 




2 


54 


59 


29,60 




£ 


2 


Cloudy. 


14 


7 


4* 


57 


29,80 




N 


I 


Fine. 




2 


43 


58 


29,80 




NNW 


I 


Fine. 


15 


7 


38 


56 


29,97 




N 


I 


Cloudy. 




2 


43 


57 


30,01 




N 


I 


Fine. 


16 


7 


36 


55 


30,10 




NNE 


I 


Fine. 


■ 


2 


43 


57 


30,16 




NNW 


I 


Fmc. 



M £ T B^ 



t ai5 I 



MBTSOROLOOICAL JOURNAL 




for November 1787. 




Txmt. 


Therm, 
without 


Therm, 
within. 


Barom. 


Raio. 


Wind». 


Weather. 




H. M. 






Inches. 


Inch. 


Points. 


Str. 


Nov. 17 


7 


4* 


5$ 


30,10 




NNW 




Cloud/. 




a 


44 


56 


29,98 




NNW 




Cloudy. 


18 


7 


36 


54 


a9,84 




NW 




Cloudy. 




a 


40 


53 


a9,85 




NW 




Fine. 


19 


7 


33 


5' 


29,86 




NWbyW 




Cloudy. 




2 


40 


53 


29,62 




W 




Rainy. 


ao 


7 


34 


5« 


29.68 


0,337 


NNW 




Fine. 




a 


4a 


53 


29»75 




NNW 




Fine. 


21 


7 


3a 


50 


30,00 




N 




Hazy. 




a 


40 


5a 


30,00 




NW 




Cloudy. 


22 


7 


4a 


51 


29,88 




W 




Cloudy. 




2 


44 


54 


a9.74 




WSW 




Cloudy. 


as 


7 


35 


5» 


29,71 




W 




Fine. 




a 


4a 


54 


a9,73 


% 


WSW 




Cloudy^ 


24 


7 


33 


5a 


29,82 




WSW 




Fine. 




a 


39 


53 


39,90 




WSW 




Fine. 


as 


7 


29 


5« 


30,12 




WSW 




Fine. 




2 


33 


5a 


30,16 




WSW 




Fine. 


26 


7 


33 


50 


30,a6 




£ 




Fine. 




2 


39 


5a 


30,28 




ESE 




Fine. 


27 


7 


3a 


50 


30,28 




ESS 
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Thermometer 
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Thermometer 
within. 


Barometer. 


Rain. 
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64 
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EXPLANATION OP TH» TNSTRUMENTS. 



The inftrumcnts with whieh the foregoing obferrations were 
made are the fame that were ufed in former obfervations of 
this kind, a full account of which was given by Henry 
CavendisHj Efq. F. R. S. in the LXVJth Volume of the 
Philofophical Tranfaftions ; but as they have been moved fronx 
the Situations they had at that time, it may not be amifs to men- 
tion how they are placed now, in order the better to fliew 
what degree of accuracy may be expefted from them. There 
being no one fituation for a thermometer out of doors fo good 
as could be wifhed, it became neceflary to make ufe of 
two thermometers; each is placed out of a three-pair-of« . 
Aairs window, one facing E.N.E. and the other W.S.W. 
and they fland about two or three inches from the wall, 
that they may be the more expofed to the air, and the lefs 
affed^ed by the heat and cold of the houfe. As the fun ihines 
on the eaftern part of the building in the morning, the thermo- 
meter to the weftward is made ufe of for the morning obfer- 
vation during that feafon of the year when the fun rifes high 
enough to afFedk the other ; for all other obfervations, that to 
the eaftward is employed. Neither the building oppolite, nor 
that on the fouth fide of the thermometer to the eaft, are 
elevated above it in an angle of more than 13^ ; but the oppofite 
building is not more than twenty ► five feet diftant. The 
thermometer to the weftward will not be affefted by any other 
building than one to the northward, which is elevated above 
it in an angle of 20^, and which is only twenty feet diftant* 
Vol. LXXVm. F f The 
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The thermometer within doors is placed clofe to the barometer, 
the heights of which it is intended chiefly to corredk ; the 
windows of the room in which they are kept look to the weft- 
ward, and in winter the room has conftantly a fire in it« 

The veflel which receives the rain is fixed to a chimney at 
the top of the houfe, and rifes fix inches above the chimney ; 
it is not fcreened from the rain by any building or chimnies, 
there being none higher than that to which it is fixed^ 
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XIV. Obferoations on the Natural Hiftory of the Cuckoo. By 
Mr. Edward Jenner. In a Letter to John Huater» £/^. 
F. R. 5. 



Read March 13, 1788. 



TO JOHN HUNTER, ESQ;. 
DEAR SIR,. 

HAVING, at your requeft, employed fbme of my leifure 
hours in attending to the natural hiftory of tiie Cuckoo, 
I beg leave to lay before you the refult of my obfervations, 
Vol. LXXVIII. H h with 
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with a hope that tbcy may tend to illuftrate a fubjefl: hitherto 
not fufficiently inveftigated; and fhould what is here bffbfed 
prove, ia your- opinion, deferving the attention of the Royal 
Society, you will do me the honour of prefenting it to that 
learned Body, 

The firft appearance of Cuckoos in Gloucefterfliirc (the part 
of England where thefe obfervations were made) is about the 
1 7th of April. The fong of the male, which is well known,^ 
foon: proclaims its arcivaL The ibng of the female (if the 
peculiar noted of which it is compofed may be io called) is. 
widely different, and has been fo little attended to, that I be* 
lieve few are acquainted with it. I know not how to convey 
to you a proper idea of it by a comparifoa with the notes of 
any other bird ; but the cry of the Dab-chick bears the neareft 
refemblance to it. 

Unlike the generality of birds, Ctrckoos do not pair. When 
a female appears on the wing, (he is often attended by two or 
three males, who feem. to be earneftly contending for her 
favours. From ihe time of her appearance, till after the mid^ 
dlie of fummer, the neft's of the birds feledked to receive her 
egg are to be found in great abundance; but, like the other 
migrating birds, (he does not begin to lay till fome weeks after 
her arrival. I nevec could procure an egg till after the middle 
of May, though probably an early- coming Cuckoo may pro^ 

duce one fooner *. ^ , 

• 

* What is meant by an tarly-coming Cuckoo, I fhall more fully explain ia a< 
Paper 1 intend to lay before you on the Migration of Birds; but it may be 
DcceiTary to mention here, that migrating birds of the fame fpecies arrire and 
depart in fuccedion. Cuckoos, for example,, appear in greater nuoibera on tlie 
the fecond than on the week of their arrival, and they difappear in the iame 
gradual manner^ 

The 
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The Cuckoo makes choice of the nefts of a great variety of 
fmall birds. I have known its egg intrufted to the care of the 
Hedge-fparrow, the Water-iyagtail, the Titlark, the Yellow- 
hammer, the green Linnet, and the Whinchat. Among 
theft it generally felefts the three former ; but (hews a much 
greater partiality to the Hedge-fparrow than to any of the reft : 
therefore, for the purpofe of avoiding xonfufion, this bird only, 
in the following account, will be confidered as the fofter-parent 
of the Cuckoo, except in inftances which are particularly fpe* 
cified. 

The Hedge-fparrow commoniy takes up four or five days in 
laying her eggs. During this time (generally after (he has laid 
one or two) the Cuckoo contrives to depofit her egg among the 
reft, leaving the future care of it entirely to the Hedge-fpar- 
row. This intru(ion often occafions fbme diicompofure ; for 
the old Hedge-fparrow at intervals, whilft (he is fitting, not 
un frequently throws out (bme of her own eggs, and fome- 
times injures them in fuch a way that they become addle ; fo 
that it more frequently happens, that only two or three Hedge- 
fparrow*s eggs are hatched with the Cuckoo*s than otherwiie : 
but whether this be the cafe or not, (he fits the fame length of 
time as if no foreign egg had been introduced, the Cuckoo's 
egg requiring no longer incubation than her own. However, I 
have never feen an inftance where the Hedge-fparrow laas 
either thrown out or injured the egg of the Cuckoo. 

When the Hedge-fparrow has fat lier ufual time, and difen- 
gaged the yov»g Cuckoo and fome of her own offspring from 
the (hell *, her own young onesi, and any of her eggs that 
remain unhatched, are foon turned out, the young Cuckoo 
remaining poffeflbr of the neft, and fole objeA of her future 
* The young Cuckoo is commonly hatched £rft. 

H h 2 care. 
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care. The young birds are not previoufly killed, nor are the 
eggs demolilhed ; but all are left to perifli together, either en- 
tangled about the bufh which contains the neft, or lying on 
the ground under it. 

The early fate of the young Hedge-fparrows is a circum- 
ftance that has been noticed by others, but attributed to wrong 
caufes. A variety of conjectures have been formed upon it. 
Some have fuppofed the parent Cuckoo the author of their de* 
ftruftion ; while others, as erroneoufly, have pronounced them 
fraothered by the difproportionate fize of their fellow-neftling* 
Now the Cuckoo's egg being not much larger than the Hedge- 
fparrow's (as I fhall more fully point out hereafter) it necefia- 
rily follows, that at firfl: there can be no great difierence ux 
the fize of the birds juft burft from the (hell. Of the fallacy 
of the former affertion alfo I was forae years ago convinced, by 
having found that many Cuckoo's eggs were hatched in the 
nefts of other birds after the old Cuckoo had difappeared ; and 
by feeing the fame fate then attend the neftling fparrows as 
during the appearance of old Cuckoos in this country. But^ 
before I proceed to the faSs relating to the death of the young 
Sparrows, it will be proper to lay before you fbme examples of 
the incubation of the egg, and the rearing of the young 
Cuckoo ; fince even the well known faft* that this bufinefs is 
intrufted to the care of other birds, has been controverted by 
an Author who has lately written on this fubjed*; and (ince^ 
as it is a fa£l fo much out of the ordinary courfe of nature, it 
may ftill probably be difbelieved by others. 

♦ ThcHon.DAiNEs Barrikgton» 
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BXAMPLB I. 

The Titlark is frequently feledled by the Cuckoo to take 
charge of its young one ; but as it is a bird lefs familiar than 
many that 1 have mentioned, its neft is not fo often difco- 
vered. I have, neverthelefs, had feveral Cuckoo's eggs brought 
to me that wfere found in Titlark's nefts ; and had one oppor- 
tunity of feeing the young Cuckoo in the neft of this bird : I 
faw the old birds feed it repeatedly, and, to fatisfy myfelf that 
they were really Titlarks, fliot them both, and found them to 
be fo» 



EXAMPLE IK 

A Cuckoo laid her egg in a Water- wagtail's neft in the 
thatch of an old cottage. The Wagtail fat her ufual time, 
and then hatched all the eggs but one ; which, with all the 
young ones, except the Cuckoo, was turned out of the neft. 
The young birds, confifting of five, were found upon a rafter 
that projefted from under the thatch, and with them was the 
egg, not in the leaft injured. On examining the egg, 1 found 
the young Wagtail it contained quite perfeft, and juft in fuch 
a ftatc as birds are when ready to be difengaged from the (hell. 
The Cudcoo was reared by the Wagtails till it was nearly 
capable of flying, when it was killed by an accident* 

EXAMPLE JII. 

A Hedge-fparrow built her neft in a hawthorn bufli in a 
timber-yard ; after (he bad laid two eggs, a Cuckoo dropped in 

a thirdv 
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a third. The Sparrow continued laying, as if nothing had 

happened, till (he had laid five, her ufual number, and then 

fat. 

June 20, 1786. On Infpeding the neft I found, that the 
bird had hatched this morning, and that every thing but the 
young Cuckoo was thrown out. Under the neft I found one 
of the young Hedge- fparrows dead, and one egg by the fide of 
the neft entangled with the coarfe woody materials that formed 
its outdde covering. On examining the egg, I found one end 
of the (hell a little cracked, and could fee that the Sparrow it 
contained was yet alive. It was then reftored to the neft, but 
in a few minutea was thrown out. The egg being again fuf- 
pended by the outfide of the neft, was faved a fecond time from 
breaking. To fee what would happen if the Cuckoo was 
removed, I took out the Cuckoo, and placed the egg contain- 
ing the Hedge-fparrow in the neft in its ftead. The old birds, 
during this time, flew about the fpot, (hewing (igns of great 
anxiety ; but when I withdrew, they quickly came to the neft 
again. On looking into it in a quarter of an hour afterwards, 
I found the young one completely hatched, warm and lively. 
The Hedge-fparrows were fuffered to remain undifturbed with- 
their new charge for three hours (during which time they paid 
every attention to it) when the Cuckoo was again put into the 
neft. The old Sparrows had been fo^much difturbed by thefe 
intrulions, that for fome time they (hewed an unwillingnefs to 
come to it : however, at length they came, and on examining 
the neft again in a few minutes, I found the young Sparrow 
was tumbled out. It was a fecond time reftored, but again ex- 
perienced the fame fate. 

From thefe experiments, and fuppo(ing, from the feeble ap« 

pearance of the young Cuckoo juft difengaged from the (hell, 

3 that 
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that it was utterly incapable of difplacing either the e?g or the 
young Sparrows, I was induced to believe, that the old Spar- 
rows were the only agents in this Teeming unnatural bufinefs ; 
but 1 afterwards clearly perceived the crofe of this flrange phae- 
nomenon, by difcovering the young Cuckoo in the zQt of dif- 
placing its fellow-nefUings, as the following relation will fully 
evince. 

June 18, 1787, I examined the neft of a Hedge-fparrow, 
which then contained a Cuckoo's and three Hedge-fparrow*s 
eggs. On infpefling it the day following^ I found the bird had 
hatched, but that the neft now contained only a young Cucktx) 
and one young Hedge-fparrow. The neft was placed fo near 
the extremity of a hedge, that I could diftiniflly fee what was 
going forward in it ; and, to my aftonifhment, faw the young 
Cuckoo, though fo newly hatched, in the aft of turning out 
the young Hedge- f()arrow. 

The mode of accomplifhing this was very curious. The 
little animal, with the aftiftance of its rump and wings, con- 
trived to gpt the bird upon its back, and making a lodgement 
for the burden by elevatiRg its elbows, clambered backward' 
\Vth it up the fide of the neft till it reached the top^ where 
refting for a moment^ it threw off its load with a jerk, and 
quite difengaged it from the neft. It remained in thisfituation 
a (hort time, feeling about with the extremities of its wings, 
as if to be convinced whether the bufinefs was properly exe* 
cated, and then dropped into the neft again, With thefe (the 
extremities of its wings) 1 have often feen it examine, as it 
were, an egg and neftling before it began its operations ; and 
the nice fenfibility which thefe parts appeared to pollefs feenaed 
fufficiently to compenfat^ the want of fight, which as yet it 
vKas deftitutc o£ I afterwards put in an egg, and this, by a 

fimilai 
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limilar procefs, was conveyed to the edge of the neft, and 
thrown out. Thefe experiments I have fince repeated feveral 
times in different nefts, and have always found the young 
Cuckoo difpofed to a£l in the fame manner. In climbing up 
the neft, it fometimes drops its burden, and thus is foiled in 
its endeavours ; but, after a little refpite, the work is re- 
lumed, and' goes on almoft inceffantly till it is efFefted. It is 
wonderful to fee the extraordinary exertions of the young 
Cuckoo, when it is two or three days- old, if a bird be put 
into the neft with it that is too weighty for it to lift out. In 
this ftate it feems ever reftlefs and uneafy. But this difpofi- 
tion for turning out its companions begins to decline from the 
time it is two or three till it is about twelve days old, when, 
as far as I have hitherto feen, it ceafes. Indeed, the difpofi- 
tion for throwing out the egg appears to ceafe a few days 
fooner ; for I have frequently feen the young Cuckoo, after it 
had been hatched nine or ten days, remove a neftling that had 
been placed in the neft with it, when it fufFered an egg, put 
there at the fame time, to remain unmolefted. The fingu- 
larity of its ftiape is well adapted to thefe purpofes ; for, dif- 
ferent from other newly-hatched birds, its hack from thtfca- 
pu!a downwards is very broad, with a coniiderable depreffion 
in the middle. This ' depreffion feems formed by nature for 
the defign of giving a more fecure lodgement to the egg of 
the Hedge- fparrow, or its young one, when the young Cuckoo 
is employed in removing either of them from the neft. When 
it IS about twelve days old, this cavity is quite filled up, and 
then the back aflumes the (hape of neftling birds in general. 

Having found that the old Hedge- fparrow commonly throws 

out feme of her own eggs after her neft has received the 

Cuckoo's, an.d not knowing how (he might treat her young 

^ ^nes, 
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ones if the young Cuckoo was deprived of the power of dif- 
poffeffing them of the neft, I made the following experiment. 
July 9. A young Cuckoo, that had been hatched by a 
Hedge-fparrow about four hours, was confined in the neft in 
fuch a manner that it could not poffibly turn out the young 
Hedge-fparrows which were hatched at the fanje time, though 
it was almofl: inceflantly making attempts to efFed it. The 
confequence was, the old birds fed the whole alike, and ap- 
peared in tvtry refpeft to pay the fame attention to their own 
young as to the young Cuckoo, until the 13th, when the neft 
was unfortunately plundered. 

The fmallnefs of the Cuckoo's egg in proportion to the Cze of 
the bird is a circumftance that hitherto, I believe, has efcaped the 
notice of the ornithologift. So great is the difproportion, that 
it is in general fmaller than that of the Houfe-fparrow ; 
whereas the difference in the fize of the birds is nearly as five 
to one. I have ufed the term in general^ becaufe eggs produced 
at difierent times by the fame bird vary wtry much in fize. 
I have found a Cuckoo's egg fo light that it weighed only 
forty-three grains, and one fo heavy that it weighed fifty-five 
grains. The colour of the Cuckoo's eggs is extremely varia- 
ble. Some, both in ground and penciling, very much referable 
the Houfe-fparrow's ; fome are indiftinftly covered with bran- 
coloured fpots ; and otiiers are marked "with lines of black, 
relembling, in fome meafure, the eggs of the Yellow-hammer. 

The circumftance of the young Cuckoo's being deftined by ' 
nature to throw out the young Hedge- fparrows, feems to ac- 
count for the parent-cuckoo's dropping her egg in the nefts of 
birds fo fmall as ithofe I have particularifed. If ftie were to do 
this in the neft of a bird which produced a large egg, and 
confequently a large neftling, the young Cuckoo would pro- 
YoL. LXXVIIl. li bably 
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bably find an infurmountable difficulty in folely poffefling the 
neft, as its exertions! would be unequal to the labour of turn- 
ing out the young birds*, Befides, though m^ny of the 
larger birds might have fed the neftling Cuckoo very properly^ 
had it been committed to their charge, yet they could not have 
fuffered their own young to have been facrificed, for the accom- 
modation of the Cuckoo, in fuch great number as the fmaller 
ones, which are fo much more abundant ; for though it would 
be a vain attempt to calculate the numbers t>f neftlings de- 
ftroyed by means of the Cuckoo, yet the ilighteft obfervation 
would be fufficient to convince us that they muft be very 
large. 

Here It may be remarked, that though nature permits the 
young Cuckoo to make this great wafte, yet the animals thus 
deftroyed are not thrown away or rendered ufelefs. At the fea- 
fon when this happens, great numbers of tender qyadrupeds 
and reptiles are feeking provifion ; and if they find the callow 
neftlings which have fallen viftims to the young Cuckoo, they 
are furnifhed with food well adapted to their peculiar (late. 

It appears a little extraordinary, that two Cuckooes eggs 
ihould ever be depofited in the fame neft, as tiie young one 
produced from one of them muft inevitably perifii ; yet I have 
known two inftances of this kind, one of which I fliall 
relate. 

* I have known anlaftance in which a Hedge-fparrow fat 9pon a Cuckoo's tgg 
and one of her own. Her own egg was hatched five days before the Cuckoo's,, 
when the young Hedge-fparrow had gained fuch a ftiperiority in fize that the 
young Cuckoo had not powers fufEcient to lift it out of the nefi till it was twi> 
days old, by which time it was grown rery conCderably. This tgg was. probabJy 
laid by the Ctickoo ferera! days after the Hedge- iparrow had begun to fit; and 
even in this cafe it appears, that its prcfence had created the diiiurbance before 
alluded tcf, as all the Hcdge-fparrow'a eggs were gone except one. 

June 



\ natural Hijlory of the Cuckoop 229 

June 27, 1787. Two Cuckoos and a Hedge- fparrow were 
hatched in the fame neft this morning ; one Hedge-fparrow's 
egg remained unhatched. In a few hours after, a conteft be- 
gan between the Cuckoos for the pofleflion of the neft, which 
continued undetermined till the next afternoon ; when one of 
themy which was fomewhat fuperior in iize, turned out the 
other, together with the young Hedge-fparrow and the un- 
hatched egg. This conteft was very remarkable. The com- 
batants alternately appeared to have the advantage, as each car* 
ried the other feveral times nearly to the top of the neft, and 
then funk down again, opprelled by the weight of its burden ; 
till at length, after various efforts, the ftrougeft prevailed^ and 
was afterwards brought up by the Hedge-fparrows. 

I come now. Sir, to confider the principal matter that hat 
agitated the mind of the naturalift relpefting the Cackoo.t 
wby^ like other birds ^ it Jhould not build a nejt^ incubate its eggs^ 
und rear its awn young ? 

There is certainly no reafon to be aftigned from the forma- 
tion of this bird why, in common with others, it (hould not 
perform all thefe feveral offices ; for it is in every refpeft per- 
fcftly formed for collediing materials and building a neft. Nei- 
ther its external (hape nor internal ftrufture prevent it from' 
incubation ; nor is it by any means incapacitated from bringiog 
food to its young. It would be needlefs to enumerate the 
various opinions of authors on this fubjeft from Aristotle to 
the prefcnt time. Thofe of the ancients appear to be either" 
vifionary, or erroneous; and the attempts of the moderns 
towards its inveftigation have been confined within very narrow 
limits ; for they have gone but little farther in their refearches 
than to examine the conftitution and ftru£ture of the bird, and 

I i 2 having 



220 Mr. Jenner*s Ohfervations on the 

having found it poffefled of a capacious ftomach with a thin 
external covering, concluded that the preflure upon this party 
in a fitting pofture,^ prevented incubation. They have noD 
confidered that many of the birds which incubate have fto- 
machs analogous to thofe of Cuckoos : the ftomach of the 
Owl, for example, is proport^onably capacious, and is almofl: 
as thinly covered with external integuments. Nor have they 
confidered, that the ftomachs of neftlings are always nauch 
diftended with food ; and that this very part, during the whde 
time of their confinement to the neft, fupports, in a great 
degree, the weight of the whole body ; whereas, in a fitting 
bird, it is not nearly fo much preflTed upon ; for the breaft in 
that cafe fills up chiefly the cavity of the neft, for which pur- 
pofe, froni its natural convexity, it is admirably well fitted. 

Thefe ohfervations, I prefume, may be fufllicient to fhew 
that the Cuckoo is not rendered incapable of fitting through a 
peculiarity either in the fituation or formation of the ftomach; 
yet, as a proof ftill more decifive, I fhall lay before you the 
following fadl. 

In the fummer of the year 1 786, 1 faw, in the neft of a UtAgt-^ 
fparrow, a Cuckoo, which, from its fize and plumage, appeared 
to be nearly a fortnight old. On lifting it up in the neft, I 
obferved two Hedge- fparrow's eggs under it. At firft I fup- 
pofed them part of the number which had been fat upon by 
the Hedge-fparrow with the Cuckoo's egg, and that they had 
become addle, as birds frequently fuffer fuch eggs to remain in 
their nefts with their young; but on breaking one of them I 
found it contained a living fixtus ; fo that of courle thefe eggs 
muft have been laid feveral days after the Cuckoo was hatched, 
as the latter now completely, filled up the neft, and was by 
2. this 
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this peculiar incident performing the part of a fitting- 
bird*. 

Having under my infpedtion, in another Hedge- fparrow's 
neft, a young Cuckoo, about the fame fize as the former, I 
procured two WagtaiKs eggs which had been fat upon a few 
days, and had them immediately conveyed to the fpot, and 
placed under the Cuckoo. On the ninth day after the eggs 
had been in this fituation, the perfon appointed to fuperintend 
the neft (as it was fome diftance from the place of my refi,- 
* dence) came to inform me, that the Wagtails were hatched. 
On going to the place, and examining the neft, I found 
nothing in it but the Cuckoo and' the ihells of the Wagtairs 
eggs. The faft, therefore, of the birds being hatched, I do 
not give you as coming immediately under my own eye ; but 
the teftimony of the perfon appointed to watch the neft was 
corroborated by that of another witnefs. 

To what caufe then may we attribute the fingularities of 
the Cuckoo ? May they not be owing to the follovving clrcum* 
fiances ? ^be Jbort refidence this bird is allowed to make in tl^c 
country where it is dejlined to propagate its /pedes ^ and the call 
that nature has upon it^ during that Jhort rejidence^ to produce a 
numerous progeny. The Cuckoo's firft appearance here is about 
the middle of April, commonly on the 1 7th. Its egg is not 
ready for incubation till fome weeks aftef its arrival, feldom 
before the middle of May. A fortnight is taken up by 
the fitting bird in hatching the egg. The young bird gene- 
rally continues three weeks in the neft before it flies, and' the 

* At this time I was unacquainted with the fa£k, that the young Cuckoo 
turned out the eggs of the Hedge-fparrow ; but it ii reafonable to conclude^ 
that it had loft the difpofition for doing, this when thefe eggs were deppfited to 
the Deft« 

fofter. 
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fofter-pa rents feed it more than five weeks after tlus perio<! ; 
fo that, if a Cuckoo (hould be ready with an egg much fbondr 
than the time pointed out, not a finglc n^ftling, even one of 
the earlieft, would be fit to provide for itfelf before its parent 
would be inftin£kively directed to fcek a new refidence, and be 
thus compelled to abandon its young one; for old Cuckoos 
take their final leave of this country the firft week in July. 

Had nature allowed the Cuckoo to have ftaid here as long 
as fome other migrating birds, which produce a fingle fct of 
young ones (as the Swift or Nightingale, for example), and ha4 
allowed her to have reared as large a number as any bird U 
capable of bringing up at one time, thefe might not have btett 
fufficieut to have anfwered her purpofe ; but by fending the 
Cuckoo from one neft to another, (he is reduced to the fame 
ftate as the bird whofe neft we daily rob of an e^, in which 
cafe the ftimulus for incubation is fufpended. Of this we haire 
a familiar example in the common domeftic fowL That the 
Cuckoo aflually lays a great number of eggs, difledion feems 
to prove very dccifively. Upon a comparifon I had an oppor- 
tunity of making between the ovarium, or racemus vitelloruro, 
of a female Cuckoo, killed juft as (he had begun to lay, and of 
a pullet killed in the fame ftate, no eiTential difitsrence ap- 
peared. The uterus of each contained an egg perfedlly formed, 
and ready for exclufion ; and the ovarium exhibited a large 
clufter of eggs gradually advanced from a very diminutive fize, 
to the greateft the yolk acquires before it is received into the 
oviduft. The appearance of one killed on the third of July 
was very different. In this I could diftindlly trace a great 
number of the membranes which had difcharged yolks into 
the ovidudt ; and one of them appeared as if it had parted 
with a yolk the preceding day. The ovarium ftill exhibited a 

clufter 
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clufter of enlarged eggs ; but the moft forward of them was 
fcarcely larger than a mu (lard- feed. 

I would not be underftood, Sir, to advance that every egg 
which fwclls in the ovarium at the approach or commence- 
ment of the propagating feafon is brought to perfedion ; but 
it appears clearly, that a bird^ in obedience to the dictates of 
her own will, or to fome hidden caufe in the animal oeconomy, 
can either retard or bring foj)ward her eggs. Befides the exam- 
ple of the common fowl above alluded to, many others occur. 
If you deftroy the neft of a Blackbird, a Robin, or almoft any 
fmall bird, in the fpring, when flie has laid her ufual number 
of eggs,, it is well known to every one, who has paid any 
attention to enquiries of this kind, in how fhort .a fpace of 
time (he will produce a fre(h fct. Now, had the bird been 
iiifFered to have proceeded without interruption in her natural 
courfe, the eggs would have been hatched, and the young 
ones brought to a flate capable of providing for themfelves, 
before (he would have been induced to make another neft, and 
excited to produce another fet of eggs from the ovarium. If 
the bird had been deftroyed at the time (he was fitting on her 
firft laying of eggs, dijOeftion would have (hewn the ovarium 
containing a great number in an enlarged ftate, and advancing 
in the ufual progreflive order. Hence it plainly appears, that 
birds can keep back or bring forward (under certain limita- 
tions) their eggs at any time during the feafon appointed for 
them to lay; but the Cuckoo, not being fubjeft to the^ 
common, interruptions, goes on laying from the time (he 
begins, till the eve.of her departure from this country: for 
although old Cuckoos in general take their leave the firft week 
in July (and I never could fee one after the 5tb day of that 
I month *)„ 
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month*), yet I have known an inftance of an egg^s being 
hatched in the neft of a Hedge- fparrow fo late as the 15th- 
And a farther proof of their continuing »to lay till the time of 
^heir leaving us may, I think, be fairly deduced from the ap- 
^pearances on dlfledlion of the female Cuckoo above-mentioned, 
killed on the 3d of July. • 

Among the many peculiarities of the young Cuckoo, there 
is one that ihews itfelf very early. I^ng before it leaves the 
neft,' it frequently, when irritated, affumes the manner of a 
bird of prey, looks ferocious, throws itfelf back, and pecks at 
any thing prefented to it with great vehemence, oft^n at the . 
fame time making -a chuckling noife like a young hawk. 
Sometimes, whfen difturbed in a fmaller degree, it makes a 
kind of hiffing noife, accompanied with a heaving motion of 
the whole body +. The growth of the young Cuckoo is ua- 
eommonly rapid. 

The chirp is plaintive, like that of the Hedge- fparrow; but 
the found is not acquired from the fofter-parent, as it is the 
fame whether it be reared by the Hedge-fparrow, or any other 
bird. 

It never acquires the adult note during its ftay in this 
country. 

The ftomachs of young Cuckoos contain a great variety of 
food. On differing one that was brought up by Wagtails, 

'■'^' Though I am unacquainted with an inftance, yet I conceive it poflible, 
that here and there a ftraggling Cuckoo may be feen after this time. 

+ Young animals, being deprived of other modes of defence, arc probably 
endowed with the powers of exciting fear in their 'common enemies. If you 
but flightly touch the young Hedge-hog, for inftance, before it becomes fuUy 
firmed with its prickly coat, the little animal jumps iip with a fudden fpring, and 
imitates very clofely the found of the word buJJj ! as we pronounce it in a loud 
tthifper. This difpofition is apparent in many other animals, 

and 
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and fed by ):hem at the time it was (hot (though it was nearlv 
of the iize and fulnefs of plumage of the parent-bird) I found 
in its ftomach the following fubftances. 

Flies and Beetles of various kinds. 

Small Snails, with their ihells unbroken* 

Graflioppers. 

Caterpillars. 

Part of a Horfe-bean. 

A vegetable fubftance relembling bits of tough grafs^ rolled 
into a balL 

The feeds of a vegetable that refembled thoie of the goofe« 
grafs. 

In the ftomach of one fed by Hedge*(parrowS| the contents 
were almoft entirely vegetable ; fuch as wheat, fmall vetches, 
&c. But this was the only inftance of the kind I had ever 
ieen, as thefe birds, in general, feed the young Cuckoo with 
fcarcely any thing but animal food. However, it ferved to 
dear up a point which before had fbmewhat; puzzled me^ for 
having found the Cuckoo's q[g in the neft of a green litwet, 
which b^ns very early to feed its young with vegetable food, 
I was apprehenfive, till 'I faw this fad, that this bird would 
have been an unfit fofler*parent for the young Cuckoo. 

The Titlark, I obferve, feeds it principally with Graf-* 
hoppers. 

But the mof^ fingular fubflance, fo often met with in^the flo* 
machs of young Cuckoos, is a ball of hair curioufly wound 
up. I have found it of various fizes, from that of a pea to 
thit of a fmall nutmeg. It ieems to be compofed chief!}f of 
Horfe-hairs, and from the refemblahce it bears to the infide 
covering of the neft, I conceive the bird fwallows it while a 
neftling. In the ftomachs of old Cuckoos I have often feen 
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inafles of hair ; but thefe had evidently once formed a part of^ 
thie hairy Caterpillar, which the Cuckoo often takes for its- 
food. 

There feems to be no precife time fixed for the departure of 
young Cuckoos. I believe they go off in fucceflion, probably 
as foon as they are capable of taking care of themfelves ; for 
although they ftay here till they become nearly equal in fizc 
and growth of plumage to the old Cuckoo, yet in this very 
i^tate the foftering care of the Hedge-fparrow is not with- 
drawn from them. I have frequently fcen the young Cuckoo< 
of fuch a fize th^t the H^dge-fparrow has perched on its back, 
or half-expanded wing,, in order to gain fufficient elevation to- 
put the food into its mouth. At this advanced ftage, I believe 
that young Cuckoos procure fotoe food for themfelves; like 
the young rook, for inftance, which in part feeds itfelf, and is 
partly fed by the old ones till the approach of the pairing fea* 
fon. If they did not go off in fuccefSon, it is probable we- 
ihould fee them in large numbers by the middle of Augufl; 
for as they ape to be found in great plenty *, when io' a nefUing 
ftate, they mufl now appear very numerous, fince all of them 
mufl have quitted the neft before this time. But this is not 
the cafe ;. for they are not more numerous at any feafon than, 
the parent birds are In the months of May and Jiine. 

The fame inftinftive impulfc which direfts the Cuckoo to 
depofit her eggs in the nefls of other birds, dire&s her young 
one to* throw out the eggs and young of the owner of the nefb 
The fcheme of nature would be incomplete without it ; for it 
would be extremely difficult, if not impofiible^ for the little 
birds, deflined to find fuccour for the Cuckoo, to find it alfo 

* I have known four young Cuckoos in the nefit of Hedg^«fparrowt in a 
fmall paddock at the fame time. 

for 



natural Hijiory of the Cuckoo. f 3 j{ 

for their own young ones, after a certain period; nor would 
there be room for the whole to inhabit the neft. 

Thus, Sir, I have, with much pleafure, complied with your 
requeft ; and here lay before you fuch obfervations as I have 
hithferto been capable of making on the natural hiftory of the 
Cuckoo ; and ftiould they throw fome light on a fubjedl that 
has long lain hid in obfcurity, I (hall not think my time has 
been ill employed. 

With a grateful fenfe of the many obligations I owe to the 
friendfhip with which you have fo long honoured me, 

I remain, &c. 

EDW. JENNER. 

Berkeley, 
December 27, 1787, 
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XV. Of the l^tmperament ff th^Jemujical Iti/irumtntSf^ in which 
the Ttmes^ Keys, or Fnts^, are fixed^ as in the B,arpJi^bori^ 
Qrgan^ Guitar y &c. By Afn Tiberius CavaJib^ f^R^%^ • 



Read April 5t ^^^'^• 

nnHE icafe ef ^mufic^ which is ufed at prefeot^ conlifls ef 
feven principal notes or found^ which muficians denote 
by the letters of the alphabet A^ B^ C^ D, £, F, and 6; 
which, together with fbme intermediate ones, conxmonljr called 
flats and (harps, and the odlave of the £rft,. make 13 (bunds* 

When thofe founds are coniidered with refpeffc to the firft^ 
they are called by the following names, n)i%. the prime or key-- 
note» the fecond minor, fecoud, third minor, third major, 
fourth, fourth major, fifth, (ixth minor, fixth major, ieventh 
minor, feventh major, and o£tave. 

Mufical founds are produced by the vibrations of the fbno^ 
rous bodies, and they are ^cutej or gRver as the vibrations 
performed in a given time are more or lefs in aumber ; fb that 
if a firing vibrating icx> times in a fctcon^ produces a certain 
found, and another firing vibr^tip^ \%o times in a fecond 
produces another found, the latter i% faidto be acuter, higher, 
or fharper than the former. 

The number of vibrations performed in a certain time prin-- 

cipally depends on the thicknefs, length, and elafticity of the 

fonorous bodies; but as the' fimplefl fonorous bodies, and. the 

fittefl for examination, are thofe firings which are^ual in every 
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qlther refpedl, ei(c?p.tipg in their kngthsj becaufe the number 
of vibrations^ which they perform in a given time, is fimplj 
ill the proportion, of their kqgtbsj^ we fliall confider only tho& 
in the prefent inyeiligation, the number of vibrations per^ 
formed by other fprt$ of ibxxorous bodies being eafily deduced 
from them. 

As the above-mentioned 13 founds are all different from 
each other, th^e firings, which produce them differ in lengthy 
and of courfe ip the number of the vibratiims, which, whea , 
i^ruck, they perform in 9 certain time. Here follow the pro* 
portions which the numbers of vibrations performed in a givez^ 
time, or the length of the firings which exprefs thofe 1^ 
^unds, bear to the firfl» prime, w key-note. 
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If, uiftead of many ftrings having (ho^ leng^ht in order to 
exprefs the 13 founds, or notes oTan o^ave> one firing b^ 
divided according to thofe proportions, and diis firing be flopped 
confecutively in the diflfelrent points or diviiions; on being 
flrack, it wiU exprefs the correfponding fpvtnds. Thus, if a firing 
ilretched between two fixe4 p(unt8» as CZ fig. i» Tab. lU. b$ 
ilruck,. it will produce a found called the prince, ^rfl or key-note ; 
if it be flopped in the nuddle, one-half' of the firing will found 
the o^ve, its lengths compared to tha| of the whole ftring^ 
h«Qg in the proportion qf 2 to x ; if two^thtrds of the firing 
be canfibd t9 vlb;r9tp> tl^ ibuM produced w^ t^ the fifth, it* 

len^h^ 
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length, compared to that of the whole ftring, being as 2 to 
3, and fo of the reft. 

The higheft found of the oftave is expreffed by the half of 
tlie ftring ; and if this half be divided again in the fanie man- 
ner or proportion, a higher oflave will be obtained, the higheft 
note of which will be expreffed by a quarter of the original 
firing. This quarter may be divided again into a higher 
oftave, and fo on ; therefore, a ftring fo divided may exprefs 
the founds of all the keys of an harpfichord or organ. 

In regard to thofe divifions it muft be obferved, that as the 
notes of the fecond oftave bear the fame proportion to the firft 
note of that oftave as the notes of the firft oftave refpe£lively 
bear to the firft note of that oftave, or to the whole ftring; 
and as the length of the Airing exprefting the firft note of the 
feCpnd odlaye, viz. cZ^ fig. i . is half the length of CZ, the 
firft note of the firft oftave, it follows, that the length of the 
ftring of every note in the fecond o£tave is half the length of 
the correfponding note in the firft o£tave ; thus g in the fecond 
odlaye is. 120 inches long, and G in the firft o£bve is 240 
inches long, nih. twice 120. Hence, when the divifions of 
the firft octave are afcertained, in order to find the divifions of 
the notes of the fecond oftave, we need only take the half of 
the lengths exprefling the notes in the firft oftave. By the 
very fame reafoning it is evident, that to find the divifions for 
the third oGtzvt^ we need only take the halves of the lengths 
which exprefs the notes of the fecond oftave, or the quarters 
of thofe of the firft oftave, arid fo of the reft. 

TJie ftring or line CZ, fig. i. is divided in the above-mcn- 
fioned mianner, and in order to avoid confufion, the divUions 
of the principal notes only of the firft and fecond odlave arc 
annexed to it. The numbers under the line exprefs the lengths 

from 
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from Z to the divifions to which they ftand near. The letters 
juft over the lines are the names of the notes or founds ex- 
preflcd by the correfponding kngths of the ftring. The frac- 
tional numbers exprefs the proportion which each particular 
divifion bears to the whole firing ; and the Roman numbers 
denote the numerical names of each note with refped to its 
diftance from the firft, which is always included. For example^ 
fuppofc the whole firing to be called C^ and to be 360 
inches long i theB> if this firing be flopped in G, the part GZ 
will be 240 ioches, v/z. two-thirds of the whole firing CZ ; 
the found expref^d by it when flruck is called G, and it is 
the fifth note from C,, which is the firfl ox key-note. Again, 
if this firing be flopped in A^ the part AZ will be equal to 
216 inches, vi%. three-fifths of the whole; the found pro** 
duced by it is called A, and is a fixth to the key*note C, &c. 

It is evident, that if any of thdfe divifions be confidered as 
the firft or key*note, then the. other notes, though they retain 
their litlphabetical iiames^ mufl have their numerical names 
altered ticcordingly : for example, if we take D for the key- 
note, then A will be tlie fifth of it, whereas A. wa? the fixth 
whcQ C was confidered as the. key-note ; thus alfo B is the 
third of G, and th$ feventh of C, and fb on.. 

Thus much having been premifed, we may proceed to fhew 
the meaning of what is called the temperament in a fyflem of 
mufieal founds, and likewife the neceffity of lU For this pur- 
pofc it i& necefTary ta recoUeft, firfl, that the firing, divided in 
the above-mentioned manner, exhibits the various notes oc 
founds of the keys of an harpfichord, the pipes of an organ ^ 
&c. Secondly, that thofe divifions remain unalterable, fo that 
the harpfichord, when- tuned, cannot be altered in the courfe 
of performing, on itj and, thirdly, that when any one of 
^ thofe 
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thofe notes or divlfions is confidered as the key-note, its fecond, 
third, fourth, fifth, &c. muft bear their refpe&ive proportions, 
according to what has been faid in the preceding pages. 

Now, if amongft the divifions of the ftring CZ, fig. i. w6 
take D for the firft or key-note, its length being 320 inches, 
the length of its fifth muft be aijf niches, n)i%. two-tbirds 
of 520, that being the proportion which, the fifth muft bear 
to the key-note ; but amongft the divifions of the ftring, there 
is none equal to 213^ inches; therefore, there is not a note 
among them which may ferve for a fifth to D : however, as 
the length of AZ, vt%. 216, is the neareft to 213^, this A 
muft be taken for the fifth of D. It is evident, that this is 
an imperfed fifth of D ; but if, in order to render it perfeS, 
we make AZ equal to 213} inches inftead of 216, then it will 
be a redundant fixth to C, when C is confidered as the kqr- 
note; the beft expedient, therefore, is to divide the imper- 
fedion between the two lengths, vh. to make AZ ndther fd 
long as 216, nor fo ftiort as 213^, which will render the dif- 
agreeable fenfation, ariiing from the improper length, the lead 
poilible. This alteration of the juft lengths of ftrings, ne* 
ceftary for adapting them to feveral key-notes, is called tht 
temperament : and the beft temperament in a fet (^ mufical 
founds is evidently fuch a partition of the natural imperfec- 
ti6ns, as will render all the chords equally and the lesA ^-* 
agreeable poffible. 

What has been exemplified in D and A may be faid of all 
the other notes ; fo that if any one of them be a pcrfsSt third, 
fifth, Sec. with refpe£l to one key-note, it will be found to be 
rrnperfeft with refpeft to others. Hence it is manifeft, firft, 
that in a fet of mufical keys, pipes, or frets, a temparament is 
abfolutely heceflaiys and, fecondly, l^t the harpfichord, 

organ, 
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wgan, guitar, or. any other ibilnSment in whld^ the notes are 
fiiced, fo as not to be alterable by the performer^s hands?, muft 
be im per fed evert when tuned in the beft mariner poffible; for 
by the temperameUt wb can divide, but not annihilate, the 
itnpeffedidto. 

Other inftrum^ntsj in which tbe notes are not fixed, as ther 
vi6KnrvioIonc6ll6,»t&c^ are perfeft, bccaufc/the-performer ftop»; 
the ftrings upon' them in difierent platesV even for founding 
the notes of the fame name. Thus a (kilful performer, in 
order to found A; will ftop tbe'ftflrig a little farther froniithei 
bridge 'when hejplaye in the key of C, vAtr when C is confi** 
dered as the kcy-ftbfe, than when' he plays in the fcey of D, . 

Moft people ^agltte,' that thj&'ibalfeof mufic is capable of 
many klifferent^ temperai^ents ; and, agreeable to this fuppofi- 
tion, the writers on harmonics have propofed different temper, 
raments; but it wilt be (hewn^ in the fequel, that the nature^ 
of the fcale admits of only one temperament -capable of^iien*^ 
dering the imperfeftion "antj the hamtony^equa^l throughoati 
and that it is iihpofQble tb' ^rol a liferent ^nd more advan^^ 

tageous fcale. ;• ; ' • .\ :. ^.;? ■ ; . >j 

.Before we be^n with the inveftigation'^of thisfid)|e^cifo 
wili^'be neceiTary^ to exf^aki^^ te^rt^h: principles, the*want ok 
whi^K^may podtbly raife fbnie dout>(s in tliet niinds of thki(W 
perlciAs%hb'are not^mucH ,acqattkittf<l with the theory 1 of. ixni^ 
fical ibwidf. ^n-th6^ firft platee'it muflfecobfervod, that the^ 
proporttbn of 2 16^3 for the fifth,* the proportion . of i;toi 
for the dd^ve, arid 'in (hort the proportions 4>f: all- the notes^ • 
arc not affumed at pleafure; but they have been deterniined 
from cbnflant ex^riefncei ini. frofid the^ agre^abte or dlfagrce- 
able effed^s produced when two diiSbrent notes are founded at. 
the fame time. ' !•' •• 

VoL.LXXVIIL JLl • To 
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To rendei' tM^s. more evidentt let two ftru>g$^ equal in evcrjr- 
refpeA be (IrbQXat the {acne,tiaie,.and they wUl exprefs. the 
fame. found p«qifdy> fo tbitno earj can perceive ,. any dif- 
ference bet)v:een . theoi, ; an^d it. \% aliDoft ^imppflibler to diftin- 
gulfh whether the found arifes from two firings^ or from one 
only, excepting from the )(Hidn(?fSf Bjit if . one of thofc 
ftrjngs. be fucceflivcly flopped Jcvrdi/Ferent p^rt5 . of its length^ 
\yhilft thp other remauia o^n a^.^tl^jSjre, ^a^^djf ^at cyerytime 
they- he both fVruck togetbe;ri' th.eir CQnjJl?];te(i founds ^ijl be 
found to ^odttCft differc»it effe^s,.fy/a. fonj^jtinjcs.p^^^ or lefs 
{^afing^iand;«tb^ii3i:\(iines ip^re or lefs diiag^oe»bk* .\y^ea 
the .cDmbiuaJli®n!3 iOfrthC|twiO;.fcfUBds^are .9gf:e^^e,. they:^ar^^ 
called cwc«r4V j: ai)d whqrt.^if^sg^eable, they i^rp called ^^or^. 
-E^'perieucr eviridcs^ that .the. beg: .coacprd.is^yrljen thejei^g|k* 
ofpncjftriug is to [the length cOf th^-jpi^heF isj to a^i^veiy 
other rcircaipifenctebei|ig..thfif?fae in Iwttl? / 'JJhispropprtion^ 
ferms the .6fta\5e.tr:wT:he« fteil! k«^ conccyd-if^.the fifth, w%,. 
whco: the Icbgfthaof/theitwa ftrJfigs-ftrejafijZ ??^^f/ after whicb 
come the propwl^QUS of 3 to 4^ 4 to 5,; 3 rtp 5, 5 to. 6/ and 
5 to 8, for the other concords. The other proportiqns befidea- 
tHefe..ar6;.difa^recahle. in i gr<6at^r«or lefs 4fgFe(, ynl^fs .tjj^py 
al'e gjreater. ©haai the p^op<*tifHi. ^ i ta ^ but in that igiffti^ 
WiU'beifoond/jtfafit the pfis^r^gp^ ^hjch;prqc{tice. agfqc9]t>Ie* 
combinatioaaaioe die doubbi^rqii^dF^ple^^^^le);)^,; of-jClfpfe 
mentbned abovy^v ^- are th^ir. o^aves, double fo6taTe^ -^p. : 
thusthet prop6rtio|DTQf ilto^+jlfroduces a very ,agreeah)e..cou>- 
cord, becaufe. i:to. 4 is the dpubt^ ^^ i:^9\?'fv.ffi?^\ ^^^^.pi^j^flf^a 
double 9ftave. .; :..•..! • :;.- ^).*,. .. • 

Secondly, it appears, from the foregoing ohfervations, that 
if we have the length of a ftf.Ing, or. the proportion of a^ note 
in any part of the ftring, we may eafily find its odtaves by 

• taking 
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.taking its double, or its haif, or the double of the double, 
&c.-: for inftance, in fig. i. if rZ be given equal to 90 inches, 
wemay find its oi^ave below by taking tivice 90, vh. 180, or 
the o£tave of tbis odave, which is 360, vk^ equal to twice 
180, or to £3ur times 90; and, on the other, fide, we may 
•find the o6):ave above of the given note by taking its half, 
which is 45,^ &c. 

It is now neceflfary to fhew why within the oftave there are 
;adnaitted only thirteen different notes, vt%^ eight principal 
ones, and five others, called (harps and flats. 

The Ihie XY> fig. 2* jreprefents a mufical ftring, the length 
of which is fnppofisd to be divided into 13x86025 equal parts *. 
On one fide of this line there afe the divifions of fevenfuccef- 
five odaves/ i;iz. the half of XZ, a quarter of it,' &c.i 
and on the other fide are the divifions of a . feries of fifths, 
vi%. the fifth of the whole firing, • the fifth of .this fifth*, 
atid fb on, which .are found by taking two^thirds of the whole 
firings then tUTKthirdsof thofe tivo. thirds,, andfo on. 

Here we take notice only of the od:aves and fifths, becaufe 
they^are the pcindpal and the befl concorife ; fo that a terapeni*- 
ment being required, it is iiccefTary firfl to take care, that thcfe 
concords be not rendered infufierable to the ear,, therefl.adnutr 
tiag of a greater latitude in the temperament or .deviation from 
the perfect flate. Befides, it will appear in the fequel, that all 
the other notes are derived from the feries of fucceffive fifths. . 

In whatever key a piece of mufic is performed, its fifth is 
the mofl predominant of its concords ; and as. the notes of 

* This number has Ijeca chofeiii becaufe the line may in that cafe be divided into 
the ncccifary number of fucceffive o^L^st% and fifths, 'without any common frac- 
tion^, which renders rhe operation more eafy and morepcifplcuous ; othcrwifc 
there might bavobeen tflu'med any other number. ^ " 

Liz mufic 
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.mufic muft be fo ordered as that» for the fake of modolation^ 
any note may be coiiiidered as the key-note ; therefore having 
found the fifth of the whole ftring by taking two-thirds of its 
length, which g^es a note called G, we muftiuppofe^ that 
this G niay be confidered as the key»note, confequently muft 
.find its fifth, which gives D, as (hewn in the figure, and fb 
on, until we find one of thoie fucceflive fifths, which coin- 
cides with one of the fucceffive o£taves ; for after that, to find 
more fucceffive fifths would be only repeating the fame thing 
over again. 

Indeed, if we carry the fucceffion of odaves and of fifths 
indefinitely far, we ihall find, that no one of the fifths ever 
coincides perfe^y with one of the octaves, and therefore the 
divifion would have no end. However^ as the length of the 
ieventh oStsLVc comes fo very near to the twelfth fifth, we muft 
be contented with taking this feventh o£kave for the fifth of 
F, the difierenee between this note and the perfed^ fifth of 
F being about the hundredth part of its length; whereas, if 
we carry on the fijcceffion of fifths and of odaves, we (hall 
find, that amongft thirty and more fifths none comes nearer 
to one of the ofbves than the above-mentioned one, as may 
be feen in the following table, which contains a feries of fuo* 
ceffive odaves, and another feries of fucceffive fiftlis, as in fig. 
2. ; but in the table tho divifions are carried fiurther on than in. 
the figure : 

Oaaves* Fifths. 

13286025 13286025. 

6643012,5 8857350. 

3321506,25 5904^0. 

1660753,1 25 3936600. 

830376^5625 2624400. 

Oaaves 
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O^ves. 
4.15188,28125 
207594,140625 
!»• 103797,0703 1 25 

5'898»535> + 
25949,2675 + 

12974,6387 + 

M7»3i93+ 
3243,654+ 

1621,827 + 

810,913 + 

405.456 +: 
202,728 +^ 

101,364+; 
50,662+; 

^S^33^ + 
12,665+, 



Fifths. 
1749600. 
I 166400. 

777600, 

518400. 

345600. 

230400. 

153600, 
1^102400. 
68266,6+: 

455" + 
30340,7+] 

20227 + 

6742,3+] 
4494,8 + 

2996,6+; 

1997.7 +: 
887,8+ 

394,6 + 
263 + 

»75.4+i 
117 + 

78 +i 
• 52 + 
34,6+: 
» 23 + 

The number of fifths then in this feries is twelve and as, fronv 

■virhat has been faid above, when the divifion ezpreffing a cer- 

taun note has been aligned in any part of a firing, we may 

a eafily 



r2j[S '' Mr'. CAVALT^ho\Qifervations on 

eafily find all its 0(9aves above and below, tt follows, that by 
finding all the. odlaves of thofe twelve divifions we fliall have 
twelve diftin£t notes within half thc:ftriagy viz. within the firft 
odave of the whole fti;ing ; to which, if the found of the whole 
flring be added, wfeihall have thirteen different founds, which 
(hews why an o£bave comprehends neither more nor lefs than 
thirteen notes. 

Without dwelling any longer uport the namesor number of 
•thofe notes, I fhall immediately proceed to find out the tem- 
perament. ' • . i ."-' '^ 

It has been (hewn above, and it is e^fprefled in fig, 2. that 

:the length -of the ilring for the laft jfifth is ihorter than the 

length of the. laft «^ave, and alfo tha* U>ne. ^ them muft be 

.neceflarily tajcen for both purpofes; btit here we muft confult 

.nature, examining -by the ear which; of the two is leaft dif- 

agreeable. This, however, is foon decided ; for tmperfe^ oftaves 

are quite infufferable, whereas a certaia degree of imperfe£lioii 

in the fifths is tolerable; therefore we are neceffitated to leave 

the octaves perfe£t, and to let the feventh octave ferve for the 

iifth of F. In this cafe it is evident, that each of the notes 

in the fucceflion* of fifths is a perfeft fifth to its preceding 

note, excepting the laft, which would be by much too flat, and 

therefore it is neceflary to divide the imperfection equally 

among them all. 

For this purpofe it muft be confidered, that as the twelve 
fucceflive fifths, together with the whole ftring or firft note, 
lire each two-thirJs of its preceding note ; they form a geome- 
trical feries, the ratio of which is |, its extremes are 13286025 
and 102400, and the number of terms is 13. But becaufe 
^inftead of 102400, which is the laft fifths we muft take the 
number 103797,0703 185 (w», the length of the laft oftavc) 

for 
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bi the laft tenn.of: tlie feridi ; therefore thepvoialemris xeduced 
to the finding out of eleven mean proportioiisil& beti^reen ;the • 
two nombers 13286025 and io^j^T^oyo^ii^^. - » 

It is denK>nfirated in almoft eyery treati& on algebra arid/ 
arithmetic, that in a geometrical progreffiony-as ithe: above^^ 
mentioned one, the firft or fmalleft extreibe is to the hft or 
gj-ealeft extreme. as .unity is to a power of the fatto, the index, 
of wiiich is;eqaal to the number, of terms leis one. Heace, 
in our cafe, in .'whicLi the .number of terms, including tber 
tvro' extremes,:.'] isi... 1:3, we ftall have t^^y^^yOjo^iz,^ x 
i^32S6o25 :; ti jrA^V from which the ratip ia* fobnd by dividing: 
the (Kpnd nuchbeti by the.firft, and) extruding the twelfth 
root -■'from ''flhe' quotienti viz. — '3 ^8Cmj; .. ^ ^^g ^^,. 

12JJW~ i.,4983o69, which is the .ratio fougbtM 

The ratio having been afcertaincd, the fucceflion of tem- 
pered fiffh$| is thus^ f^Cly, determined ; v/?., diyide the length 
of'the.w^iole. ftripg^by^ihls^ r^tlOj,.cjnd the quotient gives the 
fi|[ft-jtempered.:/ifth,i d^Jiide this fi/th bj|r^ the fame ratio, aiid" 
ths: , guqtie^t givef. the fecppd^^tcnipered .fifth ;^ divide this Ife- . 
cond fifrb by the ftroe ratio, '.aiid- fo on tlH the Ikfl fifth, which 
conpe^ out equal to- 103,79;!,: 21735. (fee ^jg, 3.). which is. fo^ 
nearly equal to the length of the feventh odtave, that the aijf- 
fercnce is trul)( iufignifiesnt ;., j?;jt, if ^^eater, accuracy wpe 
reqviired,' we uoed. , only, extraft the proper root of' 128 to a 

gricaternuixiter of decimals.. , ^,^ 

~ Fie* 2. fliew,s the. .divifiqps 6£ the ftcing.XZ tempered .iti" 
the abovf-meptiotiied manner; vi2^. the fuccefliye fifths have 
becui afc^rtained firft, and then,, by taking, their oilaveS; the, 
whole fct o|! divifions- has been completed. By comparing 
this figure with fig.. 2. one may eafil/ perceive, how /mall is. 
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the difierehce between the pecfeft; fifths of tfae-latter^ and the 

ten«pep0dciii^&.af:the formen : <^ . 

The divilions, thu$ afcertained-, form a fcric« of notes, in 
which the o£taves only areperfefb ; but all the fifths, ail the 
thirds, and:ia (hort all the chords of the fame denomination, 
ane eqoally tempered throughout : ib that whichever of them 
is taken for- the key-note, its fifths lixtb,.&a will have al- 
ways the fame proportion toit^ and xonfequentij will always 
produce the fame harmony ' when ^founded-jwith iti .^ 

It is evident, that, befidesthis, thejp:can!be,mr:other tein^ 
pr$rametit capable of producing eqaal harmdti^:; ;for when the 
extteiAds of a ;geometrical feries aild.iiucnbeciiif.imeaupnQipor- 
tbnals are given, there can be but one fet of llioie ^n^eans : 
thus, if we are to find two mean proportionals between the 
numbers 2 and 16, thefe are neceiTarlly 4 and 8; nor is it 

poliible to aflign any others. *" 

* If, on the other hand, we ehdeaVpur to fin^ a better tem- 
perament by introducing more than thirteen hbtes within the' 
limits of an oftave, we fliall find it impraiaicable, liecaufcit 
has been (Kewn, in the preceding pages, that after \he number 
thirteeni if the fiicceffion of fifths i)e carried jEirther on, they 
will recede more from a coincitience witll any 'one of the 
o6ilaves. 

This explanation of the nature, origin, and neceflity of the 
" temperament has been thought neceflar^ for the fake of per-* 
fpicuity ; but thc^ fame end may be obtained by the following 
eafier method. As the thirteen notes of ' an od:ave mnft be 
arranged fo, that whichever of th6m bfe taken for the firfl or 
key-note, the fecond, third, fourth, &C. may bear thcfamc 
conftant proportion to it ; therefore it follows, that they muft 
be in a geometrical proportion one of the other, fo as to form a 

feries 
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feries of thirteen numbers, the extremes of which are the 
whole firing and its half, vi%. any number and its half. The 
.ratio of this feries is found in the fame manner as \i\ the other 
ferie;, viz. the greateil extreme is divided by the lead, and the 
twelfth root of the quotient is the ratio fought. But thq ex- 
tremes are any affumed number and its half: and as the quo^ 
tient of a number divided by the half of the fame number is 
always equal to two; therefore, whatever be the length of 

the ftring; the ratio is always P" =: 190594+ 1 and if the 

length of the whole firing be divided by this ratio, v/». 

1 ,0594 + , the quotient will be the length of the fifing eij- 

prefilng the fecond note, which, divided by the fame ratio, 

gives the third note, and fo on ; or elfe, inflead of dividing 

the length of the whole firing by the ratio, you may multiply 

the half of it by the ratio, the produdl of which will give the 

feventh note, which multiplied by the fame ratio gives the 

.iixth, and fo on in a retrograde order, which will give the 

tempered notes of the o£taves as well as the former method. 

By this means the following divifions fojr the notes of an 

oftave have been calculated, the length of the whole firing 

having been fuppofed equal to looooo. 

I. 106000. 4 

m b 94387* 
II. 89090. 

« b . . 84090. 

III. 79370. 

IV.. 74915- . . 

:». b 70710. 

V- 66743- , ; . , ; 

» b 62997. 
VI. 59462. : . .. ; . : • 

» b 5^^^3^ 
Vol. LXXVIII. M m * VII. 
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VII. s^973^ 
VIII. ' 50000. 

If a monochord be divided in this manner, and a harpfi* 
chord tuned by it, this inftrument will then be tuned fo, that 
whichever n6te be taken for. the firft or key-note, its fifth, 
fixth, &c. will produce the lame effeft refpedlively. . 

Thus far I have endeavoured to explain this fubje£t in the 
man: familiar manner, avoiding as much as poffible the mathe- 
matical language and fymbols ; having found, by cocperience, 
that intricate mathematical difquifitions, efpecially on this 
fubjed, are underftood only by a few able mathematicians, 
but that they are neither comprehended, nor even read, by 
th'ofe who might wi(h to underftand, or to ufe them. It is 
now neceflary to confider this fubjedl with refpeft to the 
praftice. 

At prefent, the harpfichords and organs are commonlj 
tuned fo, that foOie concords are very agreeable to the ear, 
whilft others are quite intolerable; or, in otherivords, when 
the performer plays in certain keys, the harmony is very plea- 
iing, in others the harmony is juft tolerable, and in iome other 
keys the harmony is quite difagreeable. 

The beft keys to be played in are. the Iceys of C, of F, of 
E flat, of B flat, of G and of D in- the major mood, and the 
keys of, C, of D, of A, and of B, in the minor mood. Next 
to thofe come the lefs agreeable keys of A, A flat, and £ in 
the major mood ; befides thofe, the red are dt&greeable in a 
greater or lefs degree, fb that out of twelve key« *, which, on 
account of the two moods, viz. the major and the minor, 
become twenty-four, there are hardly foiuteen that can be 

* The oAave xnuil be excepted, in this refpcfi it beiDg^tbe fame as the firft 
aote. 

4 ufed ; 
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ufed ; and for thb reafon moft of the modern coinpofitions ut 
mufic are written in thofe keys. 

So. £u? the common method of toning anfwers fome pur«* 
poie.; ibr as long as the per£>rmer is to play in certain key5 
only, it is much better to have them tuned in the moft advan* 
tageous manner, than to let thofe be tuned in a lefs perfeA man* 
net for the fake of others, which he does not intend to ufe. Hence 
the great harpfichord players generally have their inftruments 
tuned in a peculiar nunner, viz. (b as to give the moft advan- 
tageous eiFed to thofe concords which they more frequently 
ufe in their compofijtions. And hence alfo, the harpfichords 
and organs are always tuned dilFerent from e;ich other, unleis 
they be tuned by the fapie perfbn with equal attention, and 
without any particular inftrudUons. 

This practice cannot conveniently be laid afide, vi%. when 
the inftrument is to bp tuned for fob playing ; and for a cer^ 
tain ftyle of mufic, it is very proper to tune itfo as to give th<9 
greateft efied to thofe combinations of founds, which are moftlj 
ufed in tl^ofe compofitions. But the cafe is far d^erent when 
th/e ^nftr|iment is to ferve for accompanying other inflruments 
in every fort of muiic, or the voices of good fingers; for then 
the di&greement becomes very audible ; and for this purpof^ 
the harpfichord or organ pught to be tuned according to the 
above demopftrated temperament of equal harmony, which is 
the only one that cap poilibly take place. 

When the compofitions of old mafters are performed in cpUr 
cert, and with the organ ox harpfichord tuned in the common 
manner, the effed is frequently very difagreeab^. This is 
particularly the cafe with the fongs of Handel, Galluppi, 
Lso, Pergolese, and others, who wrote in a great variety 

M m 2 of 
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of keys, and very often in thofe, for which the* common wajr 
of tuning is not at all calculated. 

" In order to hear the effe£t of the above-mentioned tempera- 
ment of equal harmony, I had a monochofd 'made in la very 
accurate manner^ and upon it I laid down the divifions for the 
thirteen notes of an oftave properly tempered in ihe manner 
explained above. After a great deal of trouble in adjufFmg the 
moveable fret, correding the divi(ions, &c. I at laft fiicceeded 
fo well as to render the divifions cxaft' within at leaft the jcoth 
part of an inch, and every part of the inftrument was rendered 
fufficiently ftcady and unalterable. * 

This being done, I had a large harpfichord; with a fingle 
uhifon (in order to judge tlie better of the efFed), tuned very 
accurately by the help of the monochord. With this inftru- 
ment, hi whatever key thd performer played, the harnrwny was 
perfeftly equal throughout, and the effcft'was the fame^s if 
one played in the key of E*nktural oh a harp(ichord tuned in 
die lifual ntahner. *- » ♦ . 

I fhall, therefore, conclude with faying, that when the 
harpiichord, organ, &c. is to ferve for folo playing, and for a 
particular fort of mufic, it is proper to tune in the ufual man- 
ner, viz. fo as to give the greateft effect to thofe concords 
which occur more frequently in that fort of mufic ; but that 
when the inftrument is to ferve for accompanying other inftru- 
ments or human voices, and efpecially when modulations and 
traiifpofitions are to be pradxfedy then it muft be tuned accord- 
ing to the temperament of equal harmony^ which has been 
explained in the preceding pages. 
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XVI. Defcription of a new EleSlncal Infirument capable of col* 
• leSiin^ together a difufed or little, condenjed fatuity of EUc* 
. iricity^ By Mr. Tiberius Cavailo, F.R. S^ 

' ' • '. . . . 

Read April lo, 1788. 

ONE of the principal defiderata in praftical eleftricity hai^ 
been a method of afcertaining the prelence and quality^ 
of fuch 'difFufed or weak electricity as coirld not inr mediately 
afiedt an eleftrometcr; of this nature h the eiedJrricity pro-' 
duced by efiervefcences and othet proceiTes, the • eledtricityi of 
the atmofphere in ferene and warm weather, &c. 

M. Volta's cbndenfer^ which is dcfcribed in Volume 
LXXII. of the Philofophical Tranfaftions, was the firft at^ 
tempt of the kind, and, indeed, when this inftrument is in < 
good order, it arifwers exceedingly well ; but the difficulty of 
conftruCting and bf^preferving it, added to the frequent uncer- 
tainty of the reiult {it being difficult to fay, whether in cer- 
tain cafes the eleftricity obtained comes from the inftrument 
itfelf, or from the fubftance in queftion) have occafioned its 
being little, if at all, ufed by thofe who ftudy the fubjeft of 
elcdricity. 

Mr. Bennet's doubler, which is defcribed in Volume 
LXXVIL of the Philofophical Tranfaftions., was alfo in** 
tended to manifeft fmall, and otherwife uuperceivable, quan- 
tities of eleftricity ; but from the experiments and obfcrvation^ 
which I had the honour of laying before the Koyal Society in 
November laft, it feems to be clearly (hewn, that this dou- 
bler 
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bier cannot be of any ufe, on account of its being naturalljr 

always eleftrified. 

In the fame Paper of laft November, I likewife (hortly men- 
tioned a method which I had ufed for coUefting difTufed quan- 
tities of cledlricity. Since that time, I have improved the 
method ; and, after feveral alterations, have conftru^fted an in* 
ilrument for the purpofe, which, to all my friends who are 
converfant in ele£lricity, as well as to myfelf, feems to be free 
from all thofe faults which render M. Volta's and Mr. Ben- 
net's inftruments of little, if at all of any^ uie. It ieems, 
therefore^ that the following defcriptiou of this iiew inftru«» 
ment may be of ufe to thofe who are purfuing eleftrical ex^- 
riments and inveftigatioos. 

The properties of this mechiae, which from Its office may 
be called a colltBor of eUSlricity^ ^re, firft, that whei> C9nnefied 
with the atmofphere, the rain^ or in ihort wk^ any \^QAy 
which produces eled:ricity ft^wiy, or which, contains that 
power in a very rarefied manner, it collets the electricity, and 
afterwards renders both the prefonce and quality of it mani&ft, 
by communicating it to an eledronieten Secondly, This col- 
k&ing power, by increaling the fize of the ipftrument^ and 
efpecially by ufing a fecond or fmaller tnftrum^nt pf the like 
fort to collect the eledrkity from the former, may be aug- 
mented to any degree. Thirdly, }t is conftryifti^d, managjsd^ 
and preferved with eafe and certainty ; and it never gives, nor 
can it give, an equivocal refult, as I have proved experinxen- 
tally, and as will appear by couiideriug its conftrp^pf). 

The annexed drawing exhibits two per fpo^kiye views of this 
4:olle£lor. Fig. i. (Tab. 1V«) (hews the inftrumentin the ftate 
of colleding the eledricity; and fig. z, £bewsit in the ftatein 
which the collected ele£tricity is to be rendered maqifeft* An 

eledtrometer 
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dedrometcr is annexed to each. The letters of reference indi- 
cate the fame parts in both figures. 

ABCD is a flat tin plate, thirteen inches long and eight 
inches broad ; to the two fhorter fides of which are foldered 
two tin tubes AD and BC« which are open at both ends. D£ 
and CF arc two glafs flicks covered with fealing wax by means 
of heat, and not by diliblving the fealing wax in fpirits. Tiiey 
are cemented into the lower apertures of the tin tubes, and 
alfo in the wooden bottom of the frame or machine at E and 
F, fb that the tin plate ABCD is fupported by thofe glafs 
fticks in a vertical pofition, and is exceedingly well infuiated. 
GHILKM and N'OPV are two frames of wood, which being 
faftened'to the bottom boards, by means of brafs hinges, may 
be placed fb as to (land in an upright pofition and parallel to the 
tin plate, as fhewn in fig. i. or they may be opened, and laid 
upon the table which fupports the inflrument, as (hewn in fig* 
!2. The inward furfaces of thofe frames from their middle 
tipwards is covered with gilt paper X¥ ; but it would be better 
to cover them with tin plates, hammered very flat. When 
the lateral framres fland Araight up, they do not touch the tia 
plate ; but they ftand at about one- fifth part of an inch afunder. 
They are alfo a little fhorter than the tin plate, in order that 
they might not touch the tin tubes AD, BC. In the middle of 
the upper part of each lateral frame is a fmall flat piece of 
wood S and T, with a brafs hook ; the ufe of which is to hold 
up the frames without the danger of their falfmg down whci> 
not required, and at the fame time it prevents their coming 
nearer to the tin plate than the proper limit. It is evident, that 
when the inftrument flands as fhewn in fig. i. the gilt furface 
of the paper XY, wliich covers the in fide of the lateral frames, 
flands contiguous and parallel to the tin pbte.. 
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When the inftrument is to be uled, it muft be placed upon 
a table, a window, or other convenient fupport, a bottle elec- 
trometer is placed near it, and is conneded, by means of a 
wire, with one of the tin tubes AD^ BC; and by anQther 
conducing communication the tin plate muft be connedled 
with the eledrified fubftance, the eleftricity of which is re- 
quired to be colledled on the plate ABCD : thus, for inftance, 
if it be required to colled the eledlricity of the rain, or of the 
air, the inltrument being placed near a window, a long wire 
muft be put with one extremity into the aperture A or B of 
one of the tin tubes, and with the other extremity proje£fctng 
out of the window. If it be required to colled the eledricity 
produced by evaporation, a fmall tin pan, having a wire or 
•foot of about fix inches in length, muft be put upon one of 
the tin tubes, fo that the wire going into the tube the pan may 
ftand about two or three inches above the inftrument. A 
lighted coal is then put into the pan, and a few drops of wa- 
ter poured upon it will produce the defired effed. Thus far 
may fuffice with refped to the mechanical defcription of the 
inftrument : the power and ufe of it w;ill be made apparent by 
the following experiments. 

£xp. I* Communicate to the tin plate ABCD a quantity of 
electricity, for inftance, as much as would very feufibly affcft 
a common cork-ball eledfcrometer ; then, if the lateral frames 
GHM, NOP, ftand upright, as in fig. 1. the eledrometer W 
will fliew no divergency ; but if the frames are opened and 
let down, as in fig. 2. the balls of the eledrometer W will 
immediately repel each other, and by the approach of an ex- 
cited piece of fealing-wax, the quality of the eledtricity may 
be eafily afcertained after the ufual manner. — Put up the lateral 
frames again, and the eledricity will apparently vanish ; — let 
them doyvn, and the eledlricity will re-appear, and fo on. 

If 
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If you touch any part of the tiQ plate or tin tubes with your 
finger, the cleftricity is thereby intirely removed, and that 
will be the cafe whether the lateral frames are up or down. • 

Exp. II. Take an extended piece ot tinfoil, about four yards 
fquare, and, holding it by a (ilk thread, electrify it fo weakly 
as not to be capable of afFeding an ele^ronaeter ; then bring it 
in contad with the tin plate of the colledor, whilft the late- 
ral frames are up. This done, remove the tin-foil, let down 
the lateral frames one after the other, and on doing this, the 
electrometer W will immediately manifeil a confiderable degree 
of ele£lricity. But if the eleftrometer were to (hew no fcnfi- 
ble degree of electricity, a fmaller colle6lor, niiz. one having a 
tin plate of about four fquare inches, iTiuft be brought into 
contact with the tin plate of the large collector, whilft the 
lateral frames of the latter only are down ; and then rhe 
fmall colledor being removed from the large one, its lateral 
frames are opened, and its tin plate is prefented to an eledro*- 
meter, which will thereby be ekCtrified to a much greater de« 
gree than the ek^lrometer W was by the large coUeCton 

Exp.iii. Let a common cork«ball electrometer be faftened to an 
infulated conductor, having about two or three fquare feet of 
furface, and communicate to it fuch a quantity of eleCtricity as 
may be fufiicient to let the balls of the electrometer (land at 
about one inch afunder. In this (late bring the conductor in 
contact with the tin plate of the collector for a very (hort time, 
and it will be found, that the balls of its eleCtrometer will im- 
mediately approach and touch each other, (hewing that the 
electricity of the conductor is gone to the plate of the col- 
lector; and, in faCt, if you let down the lateral frames, the 
balls of the eleCtrometer W will immediately repel ea^h other 
to a very great degree. 

Vol. LXXVIIl. N n It 
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It reemSy therefore, to be clearly (hewn by thefe cxpcri- 
ments, that the tin plate of this inftrument can collect and re* 
tain a vaft quantity of electricity, when the conducing furfaces 
of the lateral frames are condguous to if, in comparifon to that 
quantity which it can either colled or retain when thofe fur* 
faces are removed from its vicinity. 

The quantity of electricity, which the tin plate ABCD is 
capable of coUeding, principally depends on three circum- 
ilances, viz. ift, on thediftance betweeti the tin plate and the 
conducing lateral furfaces ; the fmaller that diftance is, the 
greater being the collecting power ; adly, on the fize of the 
inftrument; andf jdly, on the quantity of eleCtricity pof- 
iefled by the body from which it muft be coUeCted or taken 
away. 

I need not expatiate on the principle upon which the adion 
of this inftrument depends ; this being the fame as that of the 
eleCtrophorus, of M. Volta's condenfer, and of many other 
electrical experiments ; namely, that a body has a much greater 
capacity for holding eledricity when its furface is contiguous 
to a conductor which can eafily acquire the contrary eleCtricity» 
than when it ftaixds not in that iituation. 

I (hall laftly add, that having adually ufed this new inftru- 
ment in feveral experiments, I have found it to anfwer perfectly 
well ; one of its principal recommendations being the cer« 
tainty of its operation. 
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XVlh On the Converjhn of a Mixture of dephiogijlicated and 
fhlogijlicated Air Into mtrous Acidf by the ele^ric Spark. By 
Henry Cavendifli, Efq. F. R. S. and A. S. 



Read April 17; 1788. 

IN Volume LXXV. of the Philofophical Tranfaaions, p. 
372. I related an experiment, which (hewed, that by 
pafling repeated electric fparks through a mixture of atmo« 
fpheric and dephlogifticated air, confined in a bent glafs tube 
by columns of foap-lees and quickfilver, the air was converted 
into nitrous acid, which united to the foap-lees and formed 
nitre. But as this experiment has fince been tried by fbme per- 
ions of diftinguiflied ability in fuch purfuits without fuccvfs, 
I thought it right to take fome meafures to authenticate the 
truth of it. For this purpofe, I requefted Mr. Gilpin, Clerk 
of the Royal Society, to repeat the experiment, and defired 
fome of the Gentlemen moft converfant with thefe fubjefls to 
be prefent at putting the materials together, and at the exa- 
mination of the produce. 

This laborious experiment Mr. Gilpin was fo good as to 
undertake. It was performed in the fame manner, and with 
the fame apparatus, which was ufed in my own experiments, 
and which is defcribed in the beginning of the above-men* 
tioned Paper, and is accompanied with a drawing. The 

N n 2 method 
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method ufed for introducing air into the bent tube, was 
that defcribed in the laft paragraph of p. 373. in that 
Paper, by means of the apparatus reprefented in fig. 3. or 
the refervoir, as I (hall call it. The foap-lees, like thoie 
of my own experiments, were prepared from fait of tartar, 
and were of fuch ftrength as to yield ^V of their weight 
of nitre when faturated with nitrous acid. The dephlo- 
gifticated air was prepared from turbith mineral, and feemed 
by the nitrous teft to contain about ^^ part of phlogiilicated 
air. 

On December 6, 1787, in thp prefence of Sir Joseph 
Banks, Dr. BLAODENi Dr. Dollfuss, Dr. FordVce, Dr. 
J. Hunter, and Mr. Macie, the materials were put toge- 
ther. The quantity of foap-lees, introduced into the bent 
tube, was 180 meafures, each of which contained one grain 
of quickfilver ; and, as the bore of the tube was rather more* 
than one*third of an inch in diameter, it formed a column of 
five or fix-tenths of an inch in length, which, by the intro- 
du6Uon of the air, was divided into two parts, one refting on 
the quickfilver in one leg of the tube, and the other on that in 
the other leg. The dephlogifticated air was mixed with one- 
third part of its bulk of atmofpheric air of the room in a fepa- 
rate jar, and the refervoir was filled with the mixture ; and 
from thence Mr. Gilpin, as occafion required, forced air into 
the bent tube, to fupply the place of that abforbed by means 
of the eleftric fpark. 

From what has been faid, it appears, that the mixture em- 
ployed contained a lefs proportion of common air than that 
ufed in either of my experiments. This made it ncceflary for 
Mr. Gilpin now and then to introduce fome common air by 
4 / ' means 



Formation of nitrous Acid. 267 

me^ns of the bent tube reprefented in fig. 3, of the above* 
mentioned Paper, whenever from the flownefs of the abforp^ 
tion he thought there was too fmall a proportion of phlogifti- 
cated air in the tube. 

My Teafon for this manner of proceeding was, that as my 
firft experiment feemed to (hew, that the dephlogifticated air 
ought to be in a rather greater proportipn to the phlogifticated 
than the latter did, I was fomewhat uncertain as to the pro* 
per quantities, and doubted whether I could proportion them 
in fuch manner as that it (hould not be lieceflary^ during the 
courfe of the experiment, to add either dephlogifticated or 
common air. I therefore mixed the airs in fuch proportion, 
that I was fure there could be no occafion to add the former ; 
iince it was much eafier, as well as more unexceptionable, to 
add common air than dephlogifticated air. 

On December 24, as the air in the refervoir was almoft all 
ufed, this apparatus was again filled in the prefence of moft of 
the above-mentioned Gentlemen, with a mixture of the fame 
dephlogifticated air and common air, in the fame proportions 
as before ; and the fame thing was repeated on January 19. 

On January 23, the bent tube was, by accident, raifed out 
of one of the glaffes of mercury into which it was inverted, 
by which it was filled with air, and a good deal of the foap-lees 
were loft ; there, however, was enough remaining for exami- 
nation. 

On January 28, and 29, the produce of this experiment 
was examined in the prefence of Sir Joseph Bank^^, Dr. 
Blaoden, Dr. Dollfuss, Dr. Fordyce, Dr. Heberden, 
r)r. J. Hunter, Mr. Macie, and Dr. Watson. It appeared 
that 9290 meafures of the mixed air had been forced into the 

bent 
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bent tube from the refervoir *. Bcfides this, Mr. GiLPfN had 
at difTerent times introduced 872 meafures of common air, 
which makes in all 10 162 of air, coniifting of 6968 of de- 
phlogifticated air, and 3194 of common ain But as there 
were 900 meafures of air remaining in the tube when the 
accident happened, the quantity abforbed was only 9262; but 
this is a much greater quantity that what from my own expe- 
riments feemed neceffary for this quantity of foap-lees. 

The foap*lees were poured into a fmall glafs cup, and the 
tube wafhed with a little diftilled water, in order that as little 
as poflible might be loft. As they were by this means confi- 
"derably diluted, they were evaporated to drynefs ; but it was 
difficult to eftimate the quantity of the faline refiduum, as it 
was mixed with a few particles of mercury. 

Some vitriolic acid, dropped on a little of this refiduum, 
yielded a fmell of nitrous acid, the fame as when dropped on 
nitre phlogifticated by expofure to the fire in a covered cruci* 
ble ; but it was thought lefs ftrong. The remainder was dif- 
folved in a fmall quantity of diftilled water, and the following 
experiments were tried with the folutioiu 

It did not at all difcolour paper tinged with the juice of blue 
flowers. 

It left a naufeous tafte in the mouth* like folutions of mer« 
cury, and moft other metallic fubftances. 

Paper dipped into it, and dried, burnt with fome appearance of 
deflagration, but not fo ftrongly or uniformly as when dipped 
in a folution of nitre. The marks of deflagration, however, 
were ftronger than when the Paper was dipped into a folution 

* The method of afcertaiaing the quantity of air forced in was by weighing 
the refervoir, as mentioned in the aboTe«mentioned Paper, p. 374« 

of 
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of mercury in fpirit of nitre, but not fo ftrong as when equal 
parts of this folution and folution of nitre were ufed. 

A folution of fixed vegetable alkali, dropped into fome of it 
diluted, produced a flight reddi(h-brown precipitate, which 
afterwards afTumed a greenifh colour. 

A bit of bright copper being dipped into it, acquired an 
evident whitidi colour, though not fb white as when dipped 
into the folution of mercury in fpirit of nitre. 

From thefe experiments it appears, that the mixture of the two 
airs was actually converted into nitrous acid, only the ex peri-* 
ment was continued too long, fo that the quantity of air abforbed 
was greater than in my experiments, and the acid produced 
%vas fufficient, not only to faturate the foap-lees, but alfo to 
difTolve fome of the mercury. The truth of the latter part is 
proved by the metallic tafle of the refiduum, its not difcolour* 
ing the blue paper, the precipitate formed by the addition of fixed 
alkali, and the white colour given to the copper ; and the nitrous 
fumes produced by the addition of oil of vitriol, as well as the. 
manner iii which paper impregnated with the refiduum burnt,. 
fhew as plainly, that the acid produced was of the nitrous 
kiud. It is remarkable, however, that during this experi- 
ment there were no figns which fhewed when the foap-lees 
became faturated. The only time when the diminution proceeded 
much flower than ufual was on January 4. It then feemed 
to go on very flowly ; biit as the air abforbed at that time was 
only 4830 meafures, which is much lefs than what Teems re- 
quifite to faturate the alkali, and as the diminution imme« 
diately went on again upon adding more common air, it feems 
not likely, that the foap-lees were faturated at that time. 

On January 10, Mr. Gilpin obferved a fm'all quantity of 
wbitifli fediment on the furface of the mercury ; v^hich feems 

to 
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to fliew, that the foap-lees were then faturatcd, and that the 
acid was beginning to corrode the mercury. The quantity of 
air abforbed was alio 6840 meafures, which is about as much 
as I expefted would be required. However, as I was perfuadcd, 
from the event of my own experiments, that the diminution 
would either intirely ceafe, or go on very flowly, as foon as 
the foap-lees wcFe faturated'; and as I was unwilling to ftop 
the experiments before that happened, I thought it beft to con-, 
tinue the eleftrification. 

On the fame morning Mr. Gilpin found, that about 120 
meafures of the air in the bent tube had been fpontaneoufly 
abforbed during the night, the quantity therein being fo much 
lefs than it was the preceding evening, though the cleftrical 
machine had not been worked, or any thing done to it during 
the intermediate time. The reafon of this in all probability 
is, that as the acid was then corroding the mercury, the foap- 
lees became impregnated with nitrous air, which, during the 
night, united to the dephlogifticated air, and caufed the dimi- 
nution. 

, Though in reality the event of this experiment was fuch as 
to eftablifli the truth of my pofition, that the mixture of dc- 
phloglfticated and phlogifticated air is converted by the eleftric 
fpark into nitrous acid, as fully as if the experiment had been 
flopped in proper time ; yet, as the event was in fome mea- 
fure different from that of my own experiments, and might 
afford room for cavil, I was defirous of having it repeated ; 
and as Mr. Gilpin was fo obliging as to undertake it again, 
the materials were, on February 11. put together for a frefli 
experiment, in the prefence of moft of the above- mentioned Gen- 
tlemen. The foaplpes employed were th^ fame as before, but 
1 83 meafures were now introduced. The dephlogiftcated air was 

differenti 
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different, the former parcel being all ufed. It was prepared, 
like the former, from turbith mineral, but was rather purer, 
as it feemed to contain only y- of phlogifticated air. The 
proportion in which it was mixed with common air was that of 
22 to jo; fb that a greater proportion of common air was 
now ufed, in confequence of which it was not neceffary for 
Mr. Gilpin to introduce common ^ir fo often. 

On February 29, the refervoir was again filled with air of 
the fame kind, in prefence of fome of the fame Gentlemen. 
As it was found by the laft experiment that we muft not de- 
pend on the faturation of the foap-lees being made known by 
any alteration in the rate of diminution, the procefs was 
flopped as fbon as the air abforbed was fuch as from my own 
experiments I judged fufficient to neutralize the foap-lees» 
This was effefted on the 1 5th of March. The air remaining 
in the' tube, when Mr. Gilpin left off working, was 600 
meafures ; but at the time the produce was examined, it was 
reduced to about 120, fo much having been abforbed without 
the help of any eledlrification, which is a ftill more remarka- 
ble inftance of fpontaneous abfbrption than what occurred iu 
the former experiment, A few days after the experiment be- 
gan, a black film was formed in one of the legs, which, I 
fuppofe, muft have been a mercurial ethiops ; but whether 
owing to fome fmall degree of foulnefs in the mercury or tube, 
or to any other caufe, I cannot tell. This foulnefs feemed not 
to increase; but on March 10, when the air abforbed was 
about 5200, awhitiih fediment began to appear on the furface 
of the mercury. 

On March 19, the produce was examined in the prefence of 
Dr. Blag DEN, Dr. Dollfuss, Dr. FoRDYtE, Dr. Heber- 
DEN, Dr. J. Hunter, Mr. Macie, and I>r^ Watson. 

Vol. LXXVm. O o The 
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The mixed air forced into the bent tube from the refervoir was 
6650 meafures, befides which Mr. Gilpin had at different 
times uitroduc^d 630 of common air, which makes in all 
7280, containing 4570 of dephlogifticated, and 2710 of com- 
mon air. 

The foap-lees were evaporated to drynefs as before. The 
refiduum weighed two grains, but there were two or three glo* 
i)ule8 of mercury mixed with it, which might very likely weigh 
half a grain. This beiifg diffolved in a fmall quantity of water^ 
the following experiments were made with it. 

It did not at all difcolour paper tinged with blue flowers. 
Slips of paper were dipped into it, and dried ; and, by way 
of comparison, other flips of paper were dipped into a iblu- 
tion both of common nitre and phlogifticated nitre,, and alia 
dried. The former burnt in the fame manner, and with as 
ftrong marks of deflagration, as the latter. 

It had a ftrong tafle of nitre,, but left alfo a flight metallic 
tafte on the tongue. 

It did not give any white colour to a piece of cleaa copper 
put into it. 

In order ta fee whether the whitifh fediment, which was 
before faid to be formed in the bent tube, contained any mer* 
cury, the remainder of this folution was diluted with fome 
more difl:illed water, and fuflfered to iland till the white fedi- 
ment had fubfided. The clear liquor being then poured off, 
the remainder, containing the fediment, which- feemed to 
amount only to a very fmall quantity, was put on a piece 
of bright copper^ and dried upon it; a piece of clean gold was 
then laid over it, and both were expofcd to heat. Both mctals 
acquired a whitifli colour, efpecially the gold, but which was 
very indeterminate^ 

5, In. 
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In order to difcover how nice a teft of alcalinity the paper 
tinged with blue flowers was, a faturated folutton of com- 
mon nitre was mixed with -rr? of its bulk of the foap-tees{ 
and this mixture was found to turn the paper evidently green ; 
fo that, as the folution of nitre contains about twice as muck 
alkali as the foap-lees, it appears, that if the refiduum had 
wanted only ^-^ part of being faturated, it would have difco- 
loured the papen 

From the foregoing trials it appears, that the mixture of 
dephlogidicated and common air in this experiment was actually 
converted into nitrous acid, and was fufficient not only to fa* 
turate the foap-lees, but alfo to diflblve fome of the mercury. 
The quantity diffolved, however, was very fmall, and not fuf- 
ficient to diminifti feniibly the deflagrating quality of the ni- 
tre ; fb that the proof of the air being converted into ni- 
trous acid was as evident as if no mercury had been diflblved. 

In this experiment, as well as the former, no indication of 
the foap-lees becoming faturated was aflbrded by any oeflTatioa 
in the diminution of the air;. whereas, in my experiments, it 
was very manifeft. I do not know what this difference (hould 
be owing to, except to Mr, Gilpin's giving much ftronger 
eleArical fparks than I did. In his experiments the metallic 
knob which received the fpark, and conveyed it to the bent 
tube, was ufually placed at about 2I inches -from the con- ' 
duAor, fo that the fpark jumped through 2\ inches of air, in 
pafling from the conductor to the knob, beiides from li to ai 
inches of air in the tube ; whereas in my experiments, I be* 
lieve, the knob was never placed at the diilance of more than 
]| inch from the condudlor, and the quantity of air in the 
tvibe was much lefs ; but the conductor and ele^cal machine 
were the famct 

O 2 Except 
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Except this, the only difference I know in the manner of 
conduflhig the experiment is, firft, that Mr. Gilpin ufually 
continued working the machine for half an hour at a time, 
whereas I feldom worked it more than ten minutes ; and, fc- 
condly, that in Mr. Gilpin's Experiments the common air in 
the refervoir bore a lefs proportion to the dephlogifticated air 
than in mine ; in confeq\ience of which it was neceflary for 
him frequently to introduce common air. On this account, 
the proportion of the two airs in the bent tube would be confi- 
derably different at different times; but on the whole, the 
common air abforbed bore a greater proportion to the dephlo? 
gifticated than in mine. 

Though the whole quantity of air abforbed in thefe ex- 
periments is known with confiderable precifion, yet it is 
impoffibl-e to determine, with any accuracy, how much of 
each kind was abforbed, on account of our uncertainty 
about the nature of the air which remained at the end of^ 
the experiment. But if in the laft experiment we fuppofc 
that the air abforbed fpontaneoufly between the 15th and 
19th of March was intirely dephlogifticated, and that what 
remained at the end of that time was of the purity of com- 
mon air, it will appear, that 4090 of dephlogifticated and 
2588 of common air, which is equivalent to 4480 of pure 
dephlogifticated air and 2198 of phlogifticated air, were ab» 
forbed at the time the eleftrification: tvas ftopped, and confer 
quently the dephlogifticated air is 4^i ^f ^he phlogifticated 
air; whereas in my firft experiment it, feemed to be 44^, and 
in my laft -Jii- 

But the quantity of acid produced, and.confequently, I fup* 
pofe, the faturatioii of the foap-lees, depends only on the quaiif 
tity of phlogifticated air abforbed; and the effed of the greatet 
or le& qiiantity of dephlogifticated air is only to make the 
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nitre produced more or lefs phlogifticated. Now, in this expe- 
rinient, the bulk of the phlogifticated air was la^*^ that of 
the foap-lees. In my firft experiment it was 1 1^?^,., and in my 
laft iOt-%.. 

As many perfons feem to have fuppofed that the diminution: 
of the air in thefe experiments is much quicker than it really 
is, though I do not know any thing in my Paper which (hould 
lead to fuppofe that it was not very flow, it may be proper to 
fay fomething on this head. As the quicknefs of the diminu- 
tion depends fo much on the power of the eledlrical machine^, 
1 caaonly fpeak as to what. happens with the. machine ufed in. 
thefe experiments. This was one of Mr. Nairne's patent, 
machines, the cylinder of which is. 12 J inches long, and 7 
in diameter. A condudlor of 5 feet long, and 6 inches in. 
diameter,, was adapted to it,, and the ball which received the: 
fpark was placed at two or three inches* from another ball,, 
fixed to the end of the condudor^, Now^ when the machine, 
worked well, Mr. Gilpin fuppofes he got about two or three, 
hundred fp^ks a minute„. and the diminution of the air during, 
the half hour which he continued working at a time, varied, 
in general. from 40 to i2o.meafures,. but was ufually greateft. 
when there was moft air in the tube, . provided the quantity, 
was not fo great as to prevent the. fpark from paffing readily* 

The only perfons Lknow of,, who have endeavoured to re*- 
peat this experiment, are, M. . Van Marum, affiftedby M,. 
pAETS Van Tr.ootswyk; M. Lavoisier,. in conjun£lion 
with M. Hassenfratz.; and M. Monge*. I am not acquainted 
with the method which the three latter Gentleixlen employed, > 
and am at a lofs to conceive what could prevent fuch able phi* 
lofophers from fucceeding, except want of patience. But M. . 
Van Marum, in his Premiere Continuation des Experiences ^.. 

faites 
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faites par le moyen de la Machine ileSlrique Teylerienne^ p. 1 82. has 
defcribed the method employed by him and M. Van Troots- 
WYK. They ufed a glafs tube, the upper end of which was 
Hopped by cork, through which an iron wire was paffed, and fe- 
cured by cement, and the lower end was immerfed into mercury ; 
fo that the eleftric fpark paffed from the iron wire to the foap- 
lees. After fo much of a mixture of five parts of dephlogifti- 
cated and three of common air as was equal to twenty-one 
times the bulk of the foap-lees * was abforbed, fome paper was 
moiftened with the alkali, which by its burning appeared to 
contain nitre, but fhewed that the alkali was not near fatu- 
rated^ The experiment was then continued with the fame 
ibap-lees till more of the air, equal to fifty-fix times the bulk 
of the foap-lees, was abforbed, which is near double the quan- 
tity required to faturate them ; but yet the diminution went 
on as faft as ever. It was then tried, by the burning of paper 
dipped into them, how nearly they were faturated ; but they 
ftill feemed fir from being fo. 

The circumftance of ufing the iron wire appears evidently 
objeftlonable, on account of the danger of the iron wire being 
calcined by the eleftric fpark, and abforbing the dephlogifti- 
cated air; and when I firft read the account, I thought this 
the moft probable caufe of the difference in the refult of our 
experiments ; but I am now inclined to think that the cafe 
was otherwife. From the manner in which M. Van Ma rum 
exprefles himfelf, it feems that the only circumftance, from 
which they concluded that the alkali was not faturated, was 
the tmperfe6t marks of deflagration, that the paper dipped into 
it exhibited in burning ; which, as we have feen, might pro- 
ceed as well from fome of th« mercury having been diflbivi^ 

^ This 11 mther more than half of that requifite to faturate the foap-lees* 
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as from the alkali not being faturated. I am much inclined to 
think, therefore, that,, fo. far from the foap-lees not having 
been faturated, the quantity of acid produced was in reality 
much more than fufficient For this purpofe, and had diilblved 
a good deal of the mercury j for the quantity of air abforbed 
favours this opinion, and the phaDnomena agree well with Mr.. 
Gilpin's firft experiment, in which this was certainly the 
€afe ; whereas, if the diminution had proceeded chiefly from, 
the dephlogifticated air being abforbed by the iron, the tube 
towards the end of the experiment would have been filled; 
chiefly with phlogifticated air, which would have made the 
diminution proceed much flower than before ; but we are told,, 
that it went on as faft as ever. It is raofl: likely^ therefore,, 
that the apparent difagreement between their experiment and! 
mine proceeded only from their having continued the procefs^ 
too long, and from their not having properly examined the 
produce. 

M. Van Marum then proceeds to fey : " Surpris de cette 
" difference dc refultat j-envoyai une defcription exafte de nos- 
" experiences aM.CAVENDisH,le prianten meme temsdem*in- 
** flruire s*il pourroit trouver la caufe de cette difference ; et 
** comme la feule difference eflenticlle, par laquelle notre cxpc- 
** rience differoit.de celle dc M. Cavendish, coniiftoit en ce que 
*^ nous avons employe de Tair pur produit du precipite rouge ou: 
^^ du minium, au lieu de Tair pur produit de la poudre noire 
" formee par Tagitation du mercure avec le plomb, dont M. 
" Cavbndish ne donne pas la maniere de le produire*, je le 

** priaj. 

^ The ufing the iron wire formed a material difference in our manner of 
conduaing the experiment, and one which may, perhaps, have had great 
influence oa the refult | but I . do not fee how the ufing fome other kind of 
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" priai de me communiquer de quelle maniere il etoit venu a 
•* cet air, parceque je defirois de repeter rexperience avec ce 
** meme air : mais comme il ne m'a fourni aucune Elucidation 
*' fur la caufe vraifemblable de la difference du relultat de nos 
^* experiences, et qu'il ne lui a pas plu de me communiquer fa 
•' maniere de produire Tair pur qu*il avoit employ^ pour fes ex- 
•* periences, m'eqriirant, qu'il s*etoit propofe d'en parler dansun 
** ecrit public, la longueur ennuyante de ces experiences nous 
^* a fait prendre la refolution de dlfferer leur continuation, pour 
** obtenir uneparfaite faturation de la leffive, jufqu*a ce que M. 
** Cavendish ait public fa maniere de produire Tair pur, dont il 
*• s'eft fervi, nous contentant pour le prefent d*avoir vu, que 
** Tunion da principe d'air pur et de la mofette produit de Tacide 
•*• nitreux, fuivant la decouverte de M. Cavendish/' 

As 1 (hould be forry to be thought to have refufed any ne- 
ccffary information to a Gentleman who was defirous to repeat 
one of my experiments, and who by his fituation was able to 
<lo it with lefs trouble than any one elfe, I hope the Society 
will indulge me in adding a copy of my anfwer, that they 
may judge whether this is in any degree a fair reprefentation 
of it. 

^TO* M. VAN MARUM* 
^« S 1 K, 

** I received the honour of your letter, in which you inform 
^* me of your ill fuccefs in trying my experiment on the con- 

-dephlogifticated air, inftead of that prepared from Dr. Priestley's black ponr* 
der, can m the leaft degree form da eflential differeDce, as in the fame para* 
Uraph in which I mentioa my having ufed this kiad of air in my firib experi- 
ment, J fay, that la ooy fecond experiment I ufed air prepared from turbith 
mineral. 

*< yerfion 
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*' verfion of air mto nitrous acid by the cle£lric fpark. It is 
<* very difHcult to gucfs why an experiment does not fuccccd, 
" uniefs one is prefent and fees it tried ; but if you intend to 
" repeat the experiment, your beft way will be to try it with 
** the fame kind of apparatus that I defcribed in that Paper. 
" If you do fo, and obferve the precautions there mentioned, I 
*^ flatter royfelf you will find it fucceed. The apparatus you 
'^ ufed feems obje&ionable, on account of the danger of the 
iron being corroded by abforbing the dephlogi Aicated air/* 

As to the dephlogifticated air procured from the black 
powder formed by agitating mercury mixed with lead, as 
it was foreign to the fubjeft of the Paper, and as I propofed 
•* to fpeak of it in another place, I did not defcribe my me* 
•* thod of procuring it. As far as I can perceive, the fuccefs 
*• depends intirely on carefully avoiding every thing by which 
** the powder can abforb fixed air, or become mixed with par- 
<^ tides of an aniiQal or vegetable nature^ qr any other inflam- 
^ mable matter : for Which reaibn care (houM be taken not to 
'^ change the a)r in the bottle in which th^ fqercury is fhaken, 
by breathing into i(t as Dr. PBiESTl'Sy. did, or even by 
blowing intq it with a bellowSi as thereby, fome of the duft 
" from the bellows may be bfS^wn into it. The method which 
*• I ufed to change the air was, to fuck it out by means of an 
«« air-pump, through a tube which entered into the bottle, 
" and did not fill up the mouth fb clofe but what air could 
" enter in from without, to fupply the place of that drawn 
** out through the tube. 

" I am, &c." 

With regard to the main experiment, it was not in my power 

to give him further information than I did ; as I pointed out 
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the only circumftahce to which, at that time, I couM attri- 
bute the difference in our refults. And with regard to the 
manner of preparing the dephlogifticated air from the black 
powder, I have mentioned all the particulars in which my 
manner of proceeding differed from Dr. Priestley's, and 
have alfo explained on what I imagine the fucccfs intirely de- 
pends ; fo that, I believe, no one at all converfant in this kind 
of experiments will think that I did not communicate to him 
my method of procuring that air. 
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XVIII. Experiments on the EffeSl of various Subjlances in lower- 
ing the Point of Congelation in Water. By Charles Blagden, 
M. D. Sec. R. S. and F. A. S. 



Read April 24, 1^88. 

THE experiments which were neceflary, in order to deter- 
mine what efFedt the admixture of various fubftances 
would produce upon the property of water to be cooled below 
the freezing point*, naturally led me to a more particular confi- 
deration of the power of fuch admixtures in making water 
require a greater degree of cold before it congeals. Many cu- 
rious queflions occurred on this fubjefi:, which could only be 
anfwered by frefli experiments. Thefe were made nearly in 
the fame manner as the preceding ; that is, the liquor, whofe 
freezing point I meant to try, was put into a glafs tumbler, 
to the height of two or three inches above the bottom, and 
the tumbler was then immerfed in 'a frigorific mixture of com- 
mon fait and ice or fnow. As the objed was feldom to 
cool the liquor as much as poffible below its freezing point, the 
operation required no particular care, but the frigorific mix- 
ture was commonly permitted to a£t with its full force : 
wherefore, fome parts of the liquor were often much colder 
than others ; and particularly, near the top, a thermometer 
would ufually fland feveral degrees higher than toward the 
bottom, becaufe the furface was conflantly warmed by the air 
of the room. , 

* Seep. 125. of this Volume. ... 
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My firfl: objefl; of mveftigation was the ratio according to 
which equal additions of the fame fubftance deprefs the freez- 
ing point. I began with common fait ; and in order to avoid 
as much as poflible a fallacy in the experiments, becaufe the 
ordinary fait is never pure, and often not perfeftly neutral, I 
chofe fome clean fait, in fair cryftals, which is fold in London 
under the name of Borrowftounnefs pure fait. This fait I 
difl'olved in diftilled water, in v*arious proportions, and found 
the correfponding points of congelation to be as is expreiled in 
the annexed table ; where the firft column indicates the num- 
ber of parts and decimals of water to one part of the fait, and 
the fccond columq (hews the freezing point found by the expe- 
riment. It appeared clearly, on comparing the proportions of 
water to fait, with the correfponding number of degrees which 
the freezing point was reduced below 32% that the effed of 
the fait was nearly in a iimple ratio ; namely, that if the ad- 
dition of a tenth part of fait to the water funk the freezing 
point about 11 degrees^ or to 21% it would be deprefled dou- 
ble that quantityy or to 10^ nearly, when a ^tb part of fait 
was difiblved in the water. To (hew, therefore, bow far this 
(imple proportion is exa£t, I have added a third column to the 
table, whicb is made by fele£ting the loweft fneeziiig pobt 
that was obtained without ambiguity in the experimeikt, and 
calculating, by a (imple inverfe proportion, what all the other 
points (hould have been {Recording to that ratku Thus when a 
fourth part of its weight of common fak was difiblvtd in wa- 
ter, I found the freezing point of the liquor to be 4^ ; there- 
fore, to determine what it ihould be when only ^'- part of 
fait was added to the water, the formnla is 3a : 4 :: ^ (the 
number of degrees that the 'point 4® is below the finscEing 
point of pure water) : 5! ; which fubtra^ed from 32^ gives 

28^1 
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*8^§ for the freezing point of that folution. All the reft of 
the third column of the table is found in the fame manner, 
and with very little trouble, becaufe 4X28a.ii2isa conftant 
number, which being divided by the numbers of the firft co- 
lumn, the quotient is the number of degrees fought. In all 
the experiments, none but diftilled water was employed. 
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The third column is calculated 
from the laft experiment, in 
which the freezing point of a 
folution of one part of fait in 
four of water proved to be 



The numbers in the third column of the table come fo near 
to thofe in the fecond, that moft likely the fmall differences 
between them ought to be afcribed to errors in the experi- 
ment ; whence we (hould conclude, that the fait lowers the 
freezing . point in the fimple inverfc ratio of the proportion 
which the water bears to it in the folution. 

In the courfe of the experiments made with the different 
Solutions of this fait, fome phacnomena occurred which deferve 
further attention. 

I. This folution was in oneinftance cooled 8f , and in feveral 

5 or 6 degrees, below its freezing point ; but in general it 

4 ihot 
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(hot rather more readily than fome other folutions; which I 
afcribed, from the analogy of my former experiments, to its 
lefs tranfparency. Though the common fait did not forma 
turbid folution, yet there was fomethiug of a greyifli caft, 
much like what is produced by the mixture of a fmall portion 
of clay with pure water; and the caution in conducing the 
operation, necefl'ary to make folutions of this fait cool a cer- 
tain number of degrees below their freezing point, feemed to 
be nearly the fame as would be required with water equally 
tinged by means of clay. 

2. When the folution was very ftrong, nearly faturated with 
the fait, cooling it tended fomewhat to leffen this greyifli caft, 
rto render it rather more limpid : as was particularly the cafe in 
a faturated folution which I cooled to o*. I fufpeft this effeft 
-takes place when th^ folution begins to expand with the cold. 

3. In the ftrong folutions, when the proportion of fait was 
as much as one- fifth, before the real congelation came on 
which reduced the whole to one temperature, feveral fmall 
ftellated cryftals formed in the liquor, which increafed very 
flowly. Thefe were real ice of the fait water 5 but the cold 
being in this cafe very little below the freezing point of the 
folution, there was little power to make them fpread; and 
fometimes, when this occurred, I believe, part of the folu- 
tion toward the top was rather above than below the freezing 
point. Similar phaenomena were obferved, and in a ftill more 
remarkable manner, in the folutions of fome other falts, al- 
ways when they were very ftrong : and it may be given as a 
general fad, that in folutions approaching to faturation, though 
the formation of one glacial cryftal does, as in pure water, tend 
to make the whole freeze and come up to an uniform tempera- 
ture, yet the fliooting goes on much more flowly^ as if the 

2 fait 
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fait oppbfed fome refiftancc, or at leaft proved an impediment, 
to the progrefs of the cryftallization. By ftirring the folution, 
however, when thefe ftellated cryftals once began to form, 
they quickly increafed in bulk, or became more numerous, 
and the liquor aflumed its freezing temperature. 

4. This fait with fnow, in the manner of frigorific mix- 
tures, produced a cold of - /^. 

The next fait which I tried for its efFefl: in lowering thi 
freezing point of water, was nitre. It was part of a large 
compound cryftal, or bundle of cryftals, apparently very 
pure, fuch as is ufed in manufafturing the beft gunpowder. 
This being mixed with the diftilled water, iti different prOpor-»- 
tions, the folutions froze according to the following table. 

Nitre*. 



Proportion 

of water to 
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Frcc2ing point 
by calculation* 



30 
29 

27$ 

26 

fait depofited 
fait depofited 
f much fait 
L depofited. 



The third column is calcu- 
lated from the fifth experi- - 
ment, in which the freez-^ 
ing point of a folution of 
one part of fait in eight of*: 
water proved to be 26''. 



Nitre is well known to differ from common fait in being 
much more foluble in warm than in cold water. Hence it 
would be nothing* remarkable, th^ the folutions being made ia 
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water above the freezing point,, fome of the fait ihould» when 
they exceeded a certain ftreagth» be depofited before they be|;aQ 
to freeze. But a further queftion occurred here» whether, 
when a folutiou was cooled below its freezing point, the ialt 
would flill continue to be depoiited ; or whether it would not 
have parted with all the fait it was obliged to let go by the 
time it came to the degree at which it was to freeze, and would 
retain the remainder notwithftanding any fubfeouent coolmg. 
To determine this, I noticed carefully the quantities of fait 
depofited at the bottom of the tumbler, in comparifon with 
the cold of the fc^ution as ihewn by the immerfed thermome- 
ter ; and I found, that in fome cafes (for inftance, when the 
fait was to the water only as i : lo) the depoiition did not 
begiii till after the fblution hadpa&d its freezing point; and 
that, when it began earlier, ftill there was no flop at the freez- 
ing point, but the quantity continued augmenting as the cold 
of the folution proceeded, and, as far as I could judge, rather 
in an incxeafing ratio. Thus when the faturated folution was 
cooled \8 or lo degrees below its^ freezing pointy which often 
happened, the coUedlion of nitre at the bottom was very 
great ; and in this nqianner I could lender a faturated fbhitbn 
of nitre no longer faturated when it came to freeze, the d^- 
ciency being fometimes (o great as to raife the point of conge- 
lation a degree or more. |ience was afcertaitved the unex- 
pe^ed hStj that the lower fuch (blutio^s are cooled, the higher 
is their freezing-point. 

The nitre depofited by the folution as it cooked, formed, if 
the veflel remained at reft, fmall but very white and compaft 
prifmatic or needle-like cryftals, of confiderable length, point- 
ing difierent ways, aod.at laft curiouily interwoven with one 
another. Butt if tfae&. were brokea down, or the &luttoo wa« 
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ftirred with any force, the remaining nitre depofited itfelf in 
fuch minute cryftals as to have much the appearance of a 
powder ; I fuppofe from the deftrudion of the regular furfaces 
upon which it would otherwife have continued to form. 

Frequently, in the ftronger folutions, there appeared near 
the bottom and fide of the tumbler many elegant ftellated 
cryftals, perhafis a quarter of an inch in diameter, all fepa- 
rate, but fbmetimes crowding very dofe upon one another, fo 
as to exhibit a fpeftacle of muck beauty. 

The ice of folutions of nitre, efpecially when it began to 
thaw, was very different from common ice, having a foft 
woolly appearance, as if of a more tender and loofe texture. 
Something of the fame kind was obfervable in the ice of all 
the other folutions, fufficiently diftinguiChing it from any that 
can be formed of pure water. 

All the folutions of nitre were remarkably limfMd, having 
no tendency to an opaque or. turbid caft ; and accordingly they 
were very eafily cooled below the freezing point, and could not 
but with difficulty be made to (hoot till they had paflied it many 
degrees. In two inftauces they cooled nx)re than 10 degrees; 
namely, a folution of one part of nitre in 24 of water Cooled 
flowly to 19^1, and then . (hooting, the thermometer can)^ up 
to 30"*; and another Iblution, in which the nitre was to the 
water as i : 10, cooled rather below i6^ and having produced 
fome ftellated cryftals, rofe; when the perfed congelation tool( 
ptace, up to 27*. ,1 

As, when pure water is cooled below its freezing point,. th<j 
leaft particle of ice or fnow brought into contact with it caulff 
.an inftant congelation, I was curious to know whether the 
fame efFed would be produced when falts were diflblved in the 
water. Therefore, having one of thefe nitrQUS folutions, whof§ 
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proportions were 8: i, I cooled it to 24% about two degrees 
ibelow its^ freezing point, and then, no fait being depofited, I 
put into it a fmalL bit of ice. The eiFe£t of this was tM>t in* 
ftantaneous^ as in pure water^ though ultioiately the fame; 
the bit of ice gFadually enlarged, and when it was fiirred 
about in the liquor, a number of ftar-like cryftals fbcmedi. 
which being fcactered through it foon broi^ht it to an uniform 
temperature of 26.% Thifr fame foiution^ when.<xx)led in a 
preceding experiment to 18% had its freezing point at 27% 
from the quantity ^f nitre that had been depofited. In all 
iblutions, theceforev of fuch falts as are much naore ibtubleitx 
hot than in cold water, if it be defiredtofind their freezing 
point when they are loaded wifb as muchi of the fait d$ the 
water can contain at that temperature, the moft e&£tual me- 
thod is to oblige them to fhoot, as foon as they can be made to 
do To, by putting in a fmall bit of ice or foow; for thus the 
fallacy which miglit :otherwife arife from the depofition of 
fonie of the fait will be avoided. . 

A doubt having been fuggeifled, whether the contaft of a 
crydal of fait might not alio bring on the congelation^ that 
experiment was tried^ but it produced no ^eSt^- Indeed^ the 
formation of faline cryHals in ti^fe experimentS|. the liquor 
ftill remaining fluid, was a fufficient prdof to the contrary* 

There is another phaenomenoa which I thought took place in 
^utions of nitre ^nd fome other falts, but could not^abiblutely 
fatisfy myfelf concerning it; namely, that the depoiitipn of 
foiohe fait haftened that of the remaindtf. For inftance, fup- 
pofe 'that a folution of nitre in the proportion of i .: 8, would 
retain the whole of its fait at its freezing point of '«6®5 then, 
if another folution were made much ftronger, it would begin 
to depoiit its falt^before it came to . ^^ ; and whea cooled to 

a6% 
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26% it would not have Juft loft the difference between the pro* 
portions of 6 : 1 and 8:1, but would have depolited more of 
the fait, fo that now at 26® it would contain perhaps only a 
tenth of nitre ; as if the formation or exiftence of fbme cry- 
ftals in the folutiou facilitated the feparation of the lilt, or 
conftituted an attradlive power counterading the attraftion of 
die fait to the- water. It would have required a particular fe- 
ries of experiments to afcertain this as a fa6t ; but feverd 
obiervations incline me to believe it is {o\ and the con- 
fequences to be drawn from it would be fufficiently curious, 
and applicable to many points of theory. Of the fame 
nature, perhaps, is another circumftance already hinted 
at, that after the folution has begun to form cryilals of 
nitre, the depofitioa proceeds with increafed rapidity as the 
cooling goes on. This may, indeed, be owing to the attrac- 
tion of the water to the fait decreafing in a progreflive ratio 
with each degree of cold ; but it may alfo depend on the 
attracting furfaces being multiplied as more crjftals are formed : 
and ftirring tlie liquor feems to haften the progrefs of the de- 
pofitioh ; which may be afcHbed to its bringing frefli portions 
of the folution perpetually to thofe attrading furfaces; for, if 
there bfc fuch an attradion, it can fcarcely be fuppofed to take 
place at any fenfible diftance. 

Upon the whole it feems evident from the preceding table, 
that the effe£l of nitre, like that of common fait, is to de- 
prefs the freezing point in the fimple ratio of its proportion to 
the water; which will be found univerfally true when allow- 
ance is made for the depofition and other fburces of fallacy 
already enumerated. 

This nitre produced, with fnow, a cold of betweeo 26® and 
27% > . . 

Ctq 2 A^ 
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Astiifrre funk the freezing point of water fo littfe, naniely, 
but 6 degrees, I had recoArfe for the ndxt fet of experiments 
to that neuthl fait whtchi aftrir fea fait, produces the greateft 
cold Vith ice ; which is, the coiBmon fal ammoniac. The 
differeilt fGlutions of this fait in water, being fubmitted to the 
action of the frigorific mixtures, froze according to the follow* 
ing table* >- 



Sal ammoniac. 



Proportfoii 


• Freeztig 


of water to 


po^it by the 


the fait. 


cxpcriacnt. 


»5»7 J I 


24i 


xo : I 


20i 


9,a : 1 


20 


7»9 '^ » 


l^i 


6{ I 


12 


5>'«- • 


8 


4 : I- ;j 


4 



l^eziDf point 
by calculatioa.. 

20 

191 

12 

8 

{alt depofited 



The third column is calcu- 
lated from the laft experi- 
ment but one, in which the 
freezing point of a folutiott 
gf one part of the fat am- 
moniac ia five of water 
proved to be 8^. 



In this taWe alfo the nimibers of the third colum agree fuf- 
ficientiy with thofe of the fecond to fliew, that fal ammoniac, 
like the two preceding falts>. depref&s the freezing point in the 
fimpte ratio of the proportion in which it is mixed with the 
water.; 

The following fe the account, as written: at the time, of the 
experiment where the felt was to the water as i : 5. " This 
" folutioh cooled down Co 2^ at bottom, but the frigorific mix?- 
*^ ture being infufficient, the top remainedat 10*. The tum- 
" bier was then taken out, and the frigonfic mixture being 
" refxdhed by ftirring and the addition of new materials, it 

' ^ * « was 
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was replaced, when ice foon began to form at the bottom, 
like feathered cryftals, wluch however (hot out very, flowly. 
But upon ftirring the folution, a vail . number of ftellated 
feathered cryfhls prefently formed in it,, the thermometer 
** rofe immediately to y^it and was foon^t to SV'^ ^I have 
tranfcribed. thefe remarks, not only becaufe they, elucidate 
ibme of the phaenomeoa mentioned in fo;rmer expf si^pps, but 
likewife on account of the ftriking analogy tKe cryftals bore to 
the configurations obferved in a drop of the folution of this 
fait viewed with the microfcope. • As the drop dries, great 
numbers of feathered cryftals ftioot out from its edges, and 
fome more perfedl ftellated cryftals are often formpd ifi . the 
middle ; of which a pretty exa£): reprefentation may fee feen- ia 
Baker's Employment for the Microfcope (p, iib. Pi. 11.)^ 
The refemblance of both kinds of cryftals, in- theib two dif-» 
ferent fituations, is very great \. and their particular figure is 
probably due ta the fame . caufe, a confufed and icpnftramed 
cryftallianition^ occafioned in the one cafe by the hafty evapo* 
ration and want of room in the drop, and in the othen cafe by 
the watery congelation afting upon and 6mbarralling the aatu-* 
ral tendency of the falL 

A ftronger fbhition of iaX ammoniac, the proportions being 
I : 4, exhibited a ftili more beautiful appearance ;. for, be« 
fide the feathered cryftlala at bottom, and the ft;ars floating in 
the middle, a third fort of cryftals, moft refembling the ftars, 
attached themfelves ta the fides of the tumbler, and were feea 
through the ghfs as compofing a great variety . of brilliant 
facettts. In this experiment the folution- was reduced below 1% 
before any congelation began to take place, and a certain quan- 
tity of the fait fell to the bottom in the form of a white pow* 
dcr, about as. much as reduced the liquor to the ftate of a 

iaturated: 
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faturated folution at the freezing point, which therefore, when 
the congelation took place^ proved to be 4°, inftead of 2% the 
number that would have anfwered to this proportion of fait. 

It has been a queftion much contefted, whether faline fblutioos 
depofit their fait upon freezing. That fome feparation, or a 
tendency to feparation, takes place, many fafts concur to 
prove ; and among the reft fome phaenonxena obferved in the 
above-mentioned experiments. For inftance, the ftellated 
cryftals, when firft formed, were barely fufpended in the wa- 
ter, and fometimes they even gradually fubfided to the bot- 
tom ; which (hews, that they coniifted of fait chiefly, only 
invifcated with ice, or at leaft of an over-proportion of fait : 
for the principal mafs of ice formed in a faturated folution 
floats in it like common ice in pare water* BeHdes, it was 
almoft conflantly found, that when a cruft of ice, which had 
been formed in a faline folution, began to thaw, a thermome- 
ter thruft into it rofe fbmewhat higher than the point at which 
it had become ftatidnary when thfc cohgelation took place ; an 
indication that a lefs proportion cf fait Was prefeht in it than 
had been in the whole folution. And if, after any folution 
had (hot and formed a quantity of ice» the tulblbler were 
ftill kept in the frigorific mijittUrfe, the thermometer immerfed 
in the liquor gradually fuilk IbWer add lower, as the congela- 
tion proceeded. But thefe very obfervations fhew, that the 
feparation is far froiti perfeft ; as the rife of tht thermometer 
in the former cafe, or its defcent in the htter, nfcver exceeded 
one or two degrees, under a great variation in the quantity of 
ice in the folutioii. 

Sometimes in folution^ of fil ammoniac, and fuch other 
falts as feparate by the cbolirfg of tlie water, a fort of floccu- 
leut fubflance is formed, ivhich fubfides in the water, and 

thereby 
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thereby is diftingulflied from the proper ice of the folution, 
vrhich it other wife .much refembles in appearance. It is com- 
pofed principally of the depofited fait, in very minute cryftals 
like powder, invifcated and kept together with a little ice. 

Though fal ammoniac forms a tolerably tranfparent fblu* 
tion, yet I perceive that in thefe experiments it was in few in- 
fiances' cooled much below, its freezing point; the moft was 
nine degrees. I believe this to have been accidental, from i»o ^ 
particular attention being now beftowed on that oh]tdi. 

The fal ammoniac, mixed with fnow, produced a cold of 
fronj 4"" to 4'^i of Fahrenhjedit's fcale, 

Oi all the folutions fubmitted to thefe experiments, there 
were none more tranfparent and elegant than thpfe made with 
Rochelle fait. The water diflblved a large proportion of this 
fubftance, and had its freezing point funk according to the > 
feUo^wiog table. 

Rochelle ialU 



Proportion 


Freezio; 


•f water to 


point hy the 


tbelalt. 


experiraeiit*. 


10 : I 


29§ 


5-» 


27i : 


4-: I 


2<>i 


2,6 : I 


24 


S.yXS'1 


22i 


2 : I 


21 


1,6 : I 


24 



Freezing point 
by d^lculatiDD. 



29* 
27! 

Hi 

221 



The third column is caicih* 
lated from tbe laft e^Eppri- 
ment but one, in which 
the freezing, point of a folu* 
tion of one part of the 
Rochelle fait in two parts of 
water proved to be ai^« 



21 
fait depoiited 

All the folutions of Rochelle fait bore to be cooled remarka- 
bly welL In one inilance the liquor funk iii degrees below 
3 it& 
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its freezing point ; namely, the folution of one part of the 
fait in five of water, whofe freezing point proved 27°$, and 
which cooled to 1 6* before the cryftals of ice (hot. In two other 
inftances it funk fully nine degrees below its freezing point. 
And, as already has been mentioned, the folutions of this 
fait are remarkably tranfparent. 

In trying the greateft cold to be obtained by mixing Ro- 
chelle fait with ihow, I could get the thermometer no lower 
than 24^ 

Glauber's fait likewife was fubje6led to the experiments, 
but its utmoft efFedl in producing cold with fnow appearing to 
be only two degrees, this was too fmall a fcale for fettling any 
thing as to the ratio* A folution of it in water, in the pro- 
portion of 1 25, cooled readily to 31*"; but the fait was depo- 
fited in great quantities, and often fo fafl, as to flop the cool* 
ing of the bottom of the liquor entirely, though the vefTel 
was immerfed in a flrong frigorific mixture. This phasno- 
menon has been obferved before ; but does not take place, to 
the fame degree, in the folutions of any other fait with which 
I am acquainted^ though I evidently perceived fomething of 
it in the flrong folutions both of nitre and of fal ammoniac. 
It. is exactly the cooverfe of the cold produced by diflblving 
ifidts in water ; for as there fome beat is abfbrbed, and becomes 
latent, by the change of the fait from a folid to a fluid flate, fo 
here fome heat is evolved a$ the fait affumesthe folid cfyftaU 
line form. The effeft is fo much jporc manifefl with Glau- 
ber's fait only, I imagine, becaufe the formation of the cry* 
fbls proceeds fo rapidly ; whence the quantity of he^t gene- 
rated equals or exceeds the cold communicated by the freezing 
mixture. Some odd appearances are produced by this fudden 

flop 



flop of th^ . cooling, aadrj;he rapid . depofitlon of fait;, for 
mflance, a particular ebullition in cert^^in parts of the liquor; 
but any intfiUigible defcription of thepi would .be, too min\ite. 

Tbefe were all the faljts with an ajkaline bafis yi\ich I. tried. 
They all agreed as to the chief objedt of thpie exoerim^^ 
namely, to determine how much the freej&injg poifit of ^water 
would be funk by diflblving them in it in.various^ proportions ; 
which by thefe experiments appears to be, as ne^r^y as could 
be determined, according to the fimple ratio of the prciportioa 
each fait bears to the water. 

I now refolved to try a few falts with an <;arthy aod metallic 
bsdSs. 

The coQimon fal catharticus amarus^ of the (hops was the 
ipedmen I ufed of an earthy falt.^ It formed a turbid inele- 
gant folution, as if dirty; and with various proportions of 
water produced the following points of congelation. 

Sal cdtharticus amarus. 



)f water to 
tbe&lt. 


Freezing 
pokit by the 
experiment. 


Freezing 

point by 

calculatkm. 


16 : I 
10 : I 

2,4 : I 




25i 


3« 

30I 

28 
z6*. 



The third colunoin is calculated 
from the laft experiment, where 
the freezing point of a (blution 
of one part of the M cathartic- 
cos amarus in z^ of water 
proved to be 23^1. 

No fait was depofited from the ftmngeft of thefe foluti^ms ; 
and as that which I ufed was a deliquefcent fait, f^ muft pro- 
bably have been in a raft proportion to the water, b«fbji^ any 
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fuch cffefl: would have taken place. 1 have funk a thermo- 
meter \<^ith it and fnow to f\ ; which, according to the pro- 
portions in the table, would make more than three parts of 
the fait to two of water. Accordingly, a large quantity of 
the fait was required to the fnow. 

No particular phaenomenon was obferved with this fait, except 
the fingular configuration of its ice, which aflTumed the form 
of fungi, or of fome kinds of lichen, witli feathered ftriae. 
The folutions were difficult to cool much below their freczbg 
point. 

1 
Of the falts with a metallic bafis, green vitriol affords one 

of the moft tranfparent folutions in water. It finks the ther- 
mometer nearly to zy^'i with fnow, and reduced the freezbg 
point of water according to the following table. 



Green vitriol. 



Freezing 


Freezing 


point by the 


point hy 


experiment. 


calculation. 


3°! 




31 


30i 


30 § 


291 


29§ 


281 


281 


28 


28 



The third column is calculated 
from the laft experiment, ia 
which the freezing point of a 
folution of one part of the green 
vitriol in 
to be 28^, 



2,4 of water proved 



Proportion 

of water to 

the fait. 

10 : I 
6 : I 

4: I 

3- ' 
2,4 : 1 

The ice formed by thefe folutions affumed a foliaceous confi- 
guration, with a texture of penniform ftriae, in fome refpefts 
like the appearance exhibited by a drop evaporating under a 
microfcope, as delineated by Baker. Scarcely any fait gave 
the point of congelation fo regularly in the proportion of the 
quantities mixed with the water, and none afforded folutions 
4 which 
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which cooled more eafily and readily below the freezing point. 
In two inftances the cooUng was more than 1 1 ^ degrees. 

Having found that white vitriol, mixed with fnow, pro- 
duced a cold of 20% melting the fnow remarkably faft, I was 
induced to try the freezing point of its folutions. But though 
it diffolved very readily in water, yet the liquor it formed was 
* fo turbid and thick^ that little fatisfadion could be derived 
from the experiments. The only numbers to be relied upon 
are the following, which agree fufficiently with the general 
refult. 



White vitriol. 



Proportion 

of , water to 

the fait. 

10 : I 

5- I 
3-» 



Freezing 
point by the 
experiment. 

o 

29! 

28f 



Freezing 

point by 

tsdculation. 

o 

31 

28; 



The third column is calculated 
from the laft experiment, in 
which the freezing point of a 
folution of one part of the 
white vitriol in three of water 
proved to be aS**^- 



Thefe folutions cooled very ill, none of them having funk 
much below the freezing point, and the ftrongeft, which had 
a copious fediment, forming a cruft of ice at the bottom of the 
tumbler, before it was reduced at all below the term of con- 
gelation* 



M. AcH ARD, of Berlin, having alledged *, that borax in- 
ftead of raiiing the boiling point of water, like other faline 
fubftances, very fenfibly depreflcs it, I determined, how- 
ever extraordinary the fa6t might appear, to try whether it had 
^ See Crell« Chem. Annalen, 1786, Vol J. p. 501. 

R r a any 
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any peculiar effeflt on the freezing point. But having- made 
the experiment with nearly a faturaled- folution of borax, the 
thermometer when it congealed was evidently below 3a** : I 
believe about a degree. 

As a neutral or middle fait, which i^en cryftallized is al- 
ways nearly of the fame nature, and dtflblves in a regular pro- 
portion in water, feemed Kkely to afford th« moft fimple cafe 
of the effefl of extraneous admixtures, it was with fuch that 
1 began thefe experiments. But having found that with them 
the fimple ratio prevailed, I proceeded to try fubftances of a 
more variable nature, and capable of being mixed with water 
in almoft any proportion ; fuch as acids, alkalies, and ardent 
fpirits. A material difference in the law, which feemed to 
occur in thefe new experiments, renders it proper to defer the 
account of them till fome reHedions on the preceding hQ&% 
with a few additional experiments to which they gave rife, 
have been premifed. 

It is now, I believe, univerfally allowed, tfiat in frigorific 
mixtures the melting of the fnow or ice is the principal caufe 
of the cold produced ; all that heat which muft become latent 
in order to give water its fluid form being taken from the fen- 
fible heat of the ingredients. But as, when cryftallized falts 
are employed for the purpofe, thefe alfo are reduced to a liquid 
form, there muft, from this circumftance, be fome additional 
cold produced, fuch for inftance as would be occadoned by dif- 
iblving the fame fait in water. Suppofe then that the latent 
heat of water is 1 50 degrees, and that fal ammoniac, in difiblving 
to fatu ration, produces fo much cold a& finks the whole folution 
about 20"^; it is. evident, that if this fait and ice are mixed 
together in fuck proportions as juft to mekx>ne another, the total 
cold generated in the operation muft amount to 170 degrees. 
2 And 
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And (b much a£lually is produced before the whole Hquefaftion 
is effefted ; and yet a mixture of thefe two fubftances will fink 
the thermometer no lower than to 4° of Fahrenheit's fcale. 
The confideration of this apparent difficulty has led to the 
fuppofition, that a certain quantity oi fire is contained in the 
cryftals of the fait, which being difengaged in the iblution 
keeps up the mixture to a certain temperature*. But I con* 
ceire, that the phaenomenon depends (imply on the gradual 
liquefaction of the ingredients, a neceiTary confequence of the 
cold produced. A faturated iblution of ial ammoniac freezes 
itfelf at 4"^ ; therefore^ when the mixture is reduced, by the 
liquefaction of the ingredients, to that temperature, no more 
of them can melt, becaufe any addition of cold would freeze 
what is already melted ; and if the mixture, under fuch cir- 
Qumftances, were placed in an atmofphere of its own tempera* 
Aire, the ingredients would remain for ever in that fame flate^ 
without anj further liquefaCtion. But in an atmofphere 
w*armer than 4^, they continue to melt, mor^ or lefs (lowly, as the 
hear which. is gradually . communicated furnilhes what is nece(^ 
faty to become latent. This communicated fen(ible heat being 
immediately converted into latent, the mixture will always be 
kept down to the fame temperature as long as there is a fu(fi-» 
cient mafs of unmelted materials ; and it can (ink no lower, 
becaufe then the liquefa6tion would be flopped ; confequently 
fuch mixtures muft preferve, as they have, been found to do, a 
pretty uniforixi temperature, fo as to have been formerly ufed 
for graduating thermometers. And the whole cold produced, 
or, to fpeak properly, the whole of the heat made to difap^ 
pear, I prefume ro be ultimately equal to the full quantity of 
latent heat belonging to the di(rolved ice and fait. 

* DS'LiTc's Ideet £dr la Mit^orologie, Tom. I» p% 201* 

According. 
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According to this explanation, the greateft cold to be pro- 
duced w'ith any fait and ice or fnow (hould be that with which 
a faturated folution of the fame fait freezes ; which was for- 
merly eftabliftied by M, De Luc as a faft, and is in general 
conformable to the preceding experiments. Thus, when a 
folutivui of one part of fal ammoniac in four parts of water was 
put into the frigorific mixture, fome of the fait was dcppfited, 
and then the folution on freezing raifed the thermometer to 4% 
which is exaftly the cold produced by a mixture of the fame 
fait with fnow. Likcwife the ftronger folutions of nitre had 
their freezing point between 26° and 2f\ thofe of green 
vitriol near 28"^; and fo of moft of the other falts, correfpond- 
ing with, the cold of their frigorific mixtures. This agree- 
ment, however, is liable to be modified by fevcral circum- 
ftances. For inftance, if the fait be of that nature that more 
of it is held in folution in warm than in cold water,- it becomes 
extremely difficult to have the folution, at the moment it 
freezes, exaftly loaded with that quantity of fait which is moft 
advantageous for adling upon the ice or fnow. Too much may 
have been depofited by the cooling previous to the congela- 
tion ; or fome refiftance having occurred to the cryftallization 
of the fait, more of it may be retained at the moment of 
congelation than properly belongs to the folution at that tem- 
perature. The purity of the falts likewife, their particular na- 
ture as inclined to deliquefce or to fall down in powder in the 
air, the rapidity of their aftion upon the ice or fnow, muft 
neceflarily be taken into the account, as influencing the degree 
of cold they can produce. 

It is an evident corollary from the above-mentioned agree- 
ment, that if the freezing point of the folution of a fait in 
water in any known proportion be given, its degree of folubi- 

lity 
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lity may in general be afcertained, merely by trying the greateft 
cold it will produce with fnow. 

Notwithftanding this ufual correfpondence betu^ n the 
greateft quantity of a fait that could be diliblvcd, and the 
greateft degree of cold it would produce, compared with the 
freezing point of its folution, I faw reafon to believe that, with 
fome falts at leaft, an irregularity took place in this refped. 
The Rochelle fait, mixed with fnow, did not fink the ther- 
mometer lower than 24^; yet the freezing point of a folution 
of one part of it in two of water appears, by the numbers in 
the table, to have been 21°. It is remarkable, however, that 
in the experiment with a ftill ftxonger folution, where fome ot 
the fait was depofited, the freezing point came down to 24"". 
Likewife the folution of white vitriol, whofe freezing point 
v^as 28°!, depofited a copious fediment, and yet produced 
with fnow a cold of 20°. This fediment did not look like cry- 
ftallized fait, but gave a turbid appearance to the whole folu- 
tion. The moft remarkable circumftance of this nature, I 
think, occurred with the purified common fait ; which, when 
mixed with fnow, funk the thermometer only to -4°. By 
experiment I found that one part of this fait would diflblve in 
about 2*"! of water. Now, if the proportions of i to 4 give 
the freezing point at + 4®, as by the table; i to 2i would, 
upon the general analogy, give it between - 1 2** and -13**;. 
that is, 8 or 9 degrees lower than the greateft cold the fait 
would produce with fnow. This circumftance leads to a fuf- 
picion, that however uniform the preceding tables appear, yet in 
reality fomething of a decreafing ratio exifts, and that each 
fubfequent addition of a fait does not deprefs the freezing point 
quite fo much as the preceding. In thofe falts where the 
whole quantity of deprefiion is but fmall, and in the upper 

jpart 
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part of the fcale in thofe which have a greater c&^, this pro* 
greflion may be infenfible, or be incapable of determinatioa by 
fuch experiments as thefe, which by their nature do not admit 
of extreme accuracy ; but it may become fufHciently obfervablc 
toward the laft additions of fuch falts as are (bluble in great 
quantity, and fuch as alter very much the freezing point. I 
never fucceeded to freeze the faturated fdutiou of this Bof- 
rowflounnefs common fait, though it has bem cooled fev^ral 
degrees below - 4* without depofiting any of its felt ; if the 
experiment were made in a cold fufiicient for the purpofe, it 
would (hew whether any irregularity takes place in the adioa 
of this fait upon fnow, or whether fuch a decreafing ratio 
does exift. Perhaps, however, the whole may depend upon 
the principle alluded to formerly, that the prefence of fome 
fait favours the depofition of more : for when a fait 15 mixed 
with fnow, it may in this point of view be confidered as in 
the fame flate with a faturated folution of the iait which has 
fome of it remaining undiflblved ; and which, therelbre, will 
not contain more than properly belongs to it at the given tem- 
perature ; and the cold of fuch a frigorific mixturp (hould be 
no greater than that of the freezing point of the faturated fo- 
lution under thofe circuatfbnces. 

As it is well known that water, after it has been faturated 
with one fait, will take up a certain portion of another fait 
without depofiting any of the former, I was curious to try 
what effedt the addition of this fecond fait would produce on 
the freezing point ; and particularly whether it wojold deprefs 
the freezing point of the faturated folution the fame number 
of degrees that an equal proportion of the fame fait would 
deprefs the freezing point of water ; and whether the Qitac 

fimple 
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fimple ratio would hold good, or any new law take place. To 
bring this to the tefl: of experiment, I took a faturated rolutioii 
of nitre, whofe freezing point of courfe was between 26*^ and 
27°: and addingto it the purified common fait In various pro- 
portions, I obtained the following refults. 



Compound folut ion of nitre and common fait. 



Proportion of 

water to the 

nitre. 



A fat u rated 
folution. 



Proportion of 


Freezing 


Freezing 




water to the 


point by the 


point by 


Difference. 


common filt. 


cacperiiuent. 


calculation. 




J 











50,2 : I 


^3i 


22| 


J 


'5 ' I 


20| 


»9 


ii 


10 : I 


i/i- 


i5i 


2J 


7.4 : I 


^3i 


Hi 


2 


5' I 


5i 


4 


u 



The folution of nit;re was one that had been made fome 
time, and contained near one-iixth part of nitre, confequeutly 
more than the water could keep diflblved in the temperature of 
the atmofphere, which was then not much above 4o\ Some 
of it therefore was depofit^d at the bottom.. This, however, 
the addition of a ^ j part of common fait foon enabled the water 
to take up, and the two falts formed together a clear folution. 
In the frigorific mixture, before the congelation took place, 
fome fallne cryftals were again depofited, which feemed to be 
^chiefly, if not entirely, nitre. In the temperature of the air 
this depofit was re-diffdlved ; and on attending to the circum- 
ftances more carefully, upon a repetition of the cooling, I 
found, that no fait began to be depofited till the folution was 
reduced to 23°, when fome needle-like cryftals appeared, which 
confequently were nitre. The folution cooled about a- degree 
more, and then, having let fall much fait, partly as cryftals 

Vol. LXXVIIL S f and 
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and partly, by ftirring, as a powder, it was made to congeal 
by dropping in a bit of fnow, and the thernioaieter rofe to 
23^1 . Wliea n>ore fait was added, to render its proportion to 
the water as i : 15, the nitre feemed ftill more difficultly depo- 
lited in the freezing mixture ; and this continued to be the 
effcd of further additions of fait, the depofition of faline 
matter previous to the congelation being always lefs, in pro* 
portion as the quantity of common fait was greater. 

It is evident from the freezing points of this compound fo- 
lution, that the common fait depreffed the freezing point of 
the folution of nitre fomething lefs than it would have de- 
preffed the freezing point of water, if added to it in the fame 
proportion. To fhew this more evidently, 1 have added a 
fourth and a fifth column to the table: the fourth columais 
formed by taking the freezing point of the faturated folution 
of nitre as 26°i, and then finding how many degrees the 
quantity of common fait added would have depreffed the freez- 
ing point of water ; this number of degrees, fubtrafted from 
the coiiflant number 26°!, gives the freezing point by calcu- 
lation ; namely, what it (hould have been if the fait had pro- 
duced the fame effe£l upon the folution of nitre as it would 
upon pure water ; and the difierence between this and the 
freezing pouit found by the experiment gives the numbers ia 
the fifth column. From the table it is apparent, that the defi- 
ciency of cffeft from the fait goes on increafing to the third 
experiment, after which it decreafes. Probably fome particular 
law takes place, which it would require a great number of expe- 
riments to develope ; but the decreafe toward the laf): may ia 
part be owing to the greater quantity of nitre which the water, 
when it began to be loaded with common fait, retained at the 
time of congelation, and which muft have its e&Gc in 
I depreiiing 
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^eprefling the freezing point. The above-mentioned circum- 
ftance feems rather contradidlory to an opinion which has been 
entertained, that when one fait, added to a faturated folution 
of another fait, enables it to take np more of the former falt> 
it IS only becaufe the water of Cryftallization of the fecond fait 
really adds to the quantity of the diffolving fluid* 

I next proceeded to try a fimilar experiment with fal ammo- 
niac and the purified common fdt, but with this difference^ 
that neither fait (hould be added to the water in fuch quantity 
us to come near the point of faturation, fufpeding that the 
diminution of effefl obferved in the foregoing experiments 
might depend, in part at leaft, upon this circumftance. The 
fal ammoniac, therefore, was diffolved in water in the propor- 
tion of I : lo, and the correfponding point of congelation ap- 
peared by experiment to be ao**!, agreeing very well with the 
table of fal ammoniac formerly given* To this folution was 
added the purified common fait, in proportion to the water as 
1:15, and then as i : 10 ; the refulting points of congelation 
were as is fhewn in the following table, conftru&ed in all re« 
fpcds as the immediately preceding. 



Compound folution of fal ammoniac and common fait. 



Proportion of 

tvater to the fal 

ammoniac. 

ID : I 
10 ; J 



Proportion of 
water to the 
common iaU. 



15 
XO 



Freezing 
point by the 
experiment* 

o 

9J 



Freezing 

point by 

calcnlatioii. 

o 

91 



Difference. 



. ■ t 

ZO 



Hence it appears, that m this compound folution both falts 
^oducedy as exafUy as the experiments can be expected to 

S f a fcew> 
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ihew, their full efFed in deprefling the point of congelation. 
When the folutions at length froze, after cooling many de- 
grees below the freezing point, the cryft«ils fliot in a very beau- 
tiful manner roond the bulb and up the flem of the thermo- 
meter. 

In a compound, folntion of Rochelle and common fillt there 
was, however, a deficiency of effeft. For the folution of 
Rochelle folt in the proportion of one part to four of water, 
having its freezing point at 26^ ^ ; when common fait was 
diffolved in it, in the proportion of -^'^th, the freezing point 
appeared by experiment to be i6°i, whereas, by calculation it 
fhould have been depreffed nearly to 15^. 

A compofition of three falts was afFeded as follows :■ 



Compou»d folution- of Rochelle fait, common fait, and fal 

ammoniac. 



Proportion 

of w^tcr to 

the Rochelle 

fait. 



9.8: 



Proportion 
of water to 
the common 

fait. 

10 : I 



Proportion 
of water to 
the fal am- 
moniac, 

17: 1 



Freezing 

point by the 

experiment. 



13- 



Freezing 

point by 

calculation. 



Hi 



Difference. 



-I| 



The computation is made thus : Rochelle fait, in the pro- 
portion of I : 9,8, deprefles the freezing point 2"^^ ; common 
fait, in the proportion of i : 10, finks it ii°J ; and fal am- 
moniac, in the proportion of i : 17, finks it 7°; now 24 + 
1 1 J + 7 = 2oi ; which, fubtrafted from 32, leaves i i°i for the 
computed freezing point of this mixture. 

The moment I had found by experiment that the addition 
of a different fait to the faturated folution of any fait would 
flill further deprefs its freezing pointy it was obvious to coo* 

7 elude, 
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elude, that greater cold could be produced with fnow by a 
mixture of falts than by means of either taken feparatcly 
I made feveral experiments with this view, and found it uni- 
formly the fai^V, that by adding a certain proportion of a fait 
which had lefs power of producing cold with fnow, to one 
which had a greater power, the frigorific effedl of the latter 
was fcnfibly increafed. Faffing over examples of lefs confe- 
quence, it will be fufficient to inftance common fait and fal 
ammoniac. The ordinary common fait I ufed to mix with 
fnow, funk the thermometer to - 5"* ; the fal ammoniac to + 4°; 
but when fome of the latter fait was mixed with the former, 
the compofition produced with fnow a cold of-i2^ I did 
not carry the experiments far enough to determine the propor- 
tions which anfwered beft, but faw evidently, that a confidera* 
ble variety in this refpefl: occafioned fcarcely a perceptible dif- 
ference : more fal ammoniac was, however, required, thaa 
that proportion of it- to- the common fait, which ought, by 
computation, to have funk a faturated folution of the latter 7 
degrees. On feveral occafions I made ufe of this compofition 
to obtain a greater degree of cold than common fait alone 
Would produce, and found it a very convenient method. 

On . this principle it is that impure common fait always 
makes a ftrongcr freezing mixture than the pure ; it being, in 
fadt, a compofition of falts. I have feen three falts produce a 
greater cold than two, but have not carried the experiments- 
far enough to afcertain the limits of this effedl *. 

M.. 

* The curious experiments, related in the Philofophical Tranfji^tions for 
1787, p. 282. of producing a great degree of cold by diifolving a mixture 
of falts in water, depend in part upon the fame principle, the water being 
capable of reducing more fait from a folid to a fluid flate when feveral kinds are 

employed. 
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M. D£ Reaumur propofed to try what cold gunpowder 
would produce with fuow, as a teft of its goodnefs, that is, 
of the purity of the nitre in its compofition. It is evident, 
from what has been delivered above, that if any faline impu* 
riry be nriixed with the nitre^ a frigorific mixture Formed with 
thie compolitlon will be Jower than 26''i, a greater or Jcfs 
number of degrees, according to the nature and quantity of 
the impurity ; and if it be only common fait, the proportion 
of it to the nitre may be thus determined pretty nearly. 

As the cold produced by common fait withfnow is -4* or 
more, and by fal ammoniac + 4% it is difficult to conceive in 
what manner Fahrenheit fixed the zero of his thermometer. 
All thofe who have examined the few authentic paffages to 
be found in authors upon this fubjeft, will be fenfible how 
vaguely they are exprefled, leaving it doubtful whether he 
ufed common fait alone, fal ammoniac alone, or both mixed 
together. There is no method of finking a thermometer 
exaflly ta o'' with thefe falts and fnow, but by means of a 
certain imaller proportion of common fait added to the fal 
ammoniac ; and it would have been an extraordinary chance, 
that Fahrenheit (hould hit precifely this proportion often 
enough to make him rely upoa the point fo found as the 
commencement of his fcale; more efpecially as the proportion 

employed, than it could of om of the kinds only. A remarkable fa£l of this natures 
ns 1 imagine, is recorded fo early as in the Memoirs of the French Atademy of 
Sciences for ijoo, p% 116. ** On prcnd une livrc de fublime corrofif, er une 
*Mivre de fei ammoniac; on les pulverife chacun 4 part; oti mele enfuite les 
** deux poudres trki exa^lement ; oti met ie melange dans \in matras, verfant 
«< par-deiTut trots chopines de vinaigre diftille ; on agite bien le tout: et ce nie* 
*^ lange fe reftoidit fi fort, qu*on a peine jL temr long-tems le vaifleau dans les 
*^ mains en ete. 11 ell arrive meme quelque fois a M, Hom»£RO| quefiufantce 
^ melange ea grande quantitcj la mati^re s'cft gclcc'* 

is 
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is probably no greater than a feventh o- a fixth of common 
fait to the fal ammoniac. Is it poffible that Fahrenheit, 
finding a confiderable difference in his experiments, took the 
mean between them for his zero, without any refpedl to the 
different nature of the falts with which he operated ? It ap- 
pears, that he was at this time fo little acquainted with the 
fubje£i:> as to confider his zero as the utmofl limit of cold. 

I come now to certain fubftances which, by equal additions^ 
feem to deprefs the freezing point of water in an increajing 
ratio. Thefe, as was mentioned before, are acids, alkalies, 
and fpirit of wine. I judge this to be the cafe from the fol- 
lowing experiments, though they are by no means fb full and 
extenfive as I could have wifhed to make them, had leifure 
permitted. 

The fpecific gravity of the vitriolic acid I employed was 
1,837 at 62* of heat; its efFed upon the freezing point is 
ihewn by the following table. 

Vitriolic acid. 



Proportion 

of water to 

acid* 


Freezing 
point by the 
experiment. 


Freezing 

point by 

calculation. 


10 : I 

5- ^ 

4: I 



24i 
I2i 

l 7i 



22i 



This table is conftrudled in the fame manner as tbofe for** 
merly given of the folution of fimple falts ; the lall: experi- 
ment, where the proportion is 4 : i, being taken as the flan* 
dard for computation ; and the extreme difference between 
the calculation and experiment is no lefs than 2^|, upon a 

reduftion 
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redu£tion of the freezing point froni 24®! to 'J^. The freez- 
ing point, fet down in the table, is that to which the liquor 
rofe upon congealing, after having been cooled feveral degrees 
lower; which it is proper .to remark, becaufe the. ice. rofe .two 
or three degrees iu thawing. 

The nitrous acid I employed was fmoaking, -and hadits fpe- 
cific gravity 1,454. It afted on the . freezing point according 
to the following table, which is coiiftrutleid in all refpecls like 
the preceding. 



tfPrpportvon of 
water to acid. 



-16,^ : I 
10 : I 
' 7,64 : I 
5,06 : I 
4,26 : I 

The greateft difference between the calculation and experi- 
ment appears here to be only two-thirds of a degree ; but that 
18 more than, I think, can*be attributed, to inaccuracy. Thefc 
mixtures cooled remarkably well ; that in which the water was 
to the acid, as 7,64 : i funk down to 6'' before it froze. The 
.ice heated about a degree before it -was melted. 

Spirit of fait being a very weak acid, its increafe of ratio 
.was not perceptible within the limits to which I was xronfiaecL 



, Freezing 

point by 

experiment. 


Freezing 

point by 

calculation. 


26i 



25f 


22- 


2I§ 


18 


18 


loi 


II 


7 


7 



Muriatic 



tie Point if Cot^^lation, 



so; 



Muriatic acid; 


Proportion of 
water to acid. 


Freezing 
point by 

experiment. 


Freezing 

poiat by 

calculation. 


10 : I 


o 


o 

25 


5»i • I 


i8f 


3»o5 • I 


9i 


9i 



This table is conftruded as the foregoing ; and the ipedfio 
gravity of the marine acid was 1 9 1 63. 

Salt of tartar, fuch as is ufually fold in the (hops^ was the 
vegetable alkali I employed. It did not< roadily deliquefce, 
and coniequently was not very cauftic : the cold it produced 
with fnow was - la^ 



Salt of tartan 



Propertipn of 
water to alkali. 



ID : I 

3- » 

2 : I 



Freezfag . 


FnexiDg 


point by 


point by 


experiment; 


calculation. 


•0 ' 

»7* 


zii 


»5i 


24^ 


2ti 


ai- 


'5 


H 


III 


io| 


5 


5 



Here the greateft difference between the calculation and ex- 
periment is fomething more than 1 f degree, in finkmg the 
freezing point from 22"" I to 5*" ; but in the higher freezing 
points of the table it is lefs^ as well as in the lower. Perhaps 

Vol, LXXVIU. T t this 
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this irregularity in the experiments is in part to be* scribed t» 
an impurity in the ialt Qf tartar ; a turbid appearance, and at 
length a depofition, took place in all thefe folutions, but prin- 
cipally in the flronger, occafioned probably by tartar of vitriol, 
ivith which that fait isfo frequently mixed^ 

The mineral alkali I tried, which was the cryftalKzed foda 
of the (hops, ihewed no increafe of ratio ; but the fcale of its 
operation was too fmall for a proper judgement to be formed 



Mineral Alkali. 



Proportion of 
water to alkali. 



ID : I 
5 • I 



Freezing 

point by 
exfSeriment. 

o 

30- 
27* 



Freezing 

point by 

calcttlacion. 



29A 



27* 



This fait would not remain fufpended \r^ much greater pro- 
portion in the cooled water. I confider the^ folutions as de- 
creaiing in their freezing point by an equal ratio : pofiibly, if 
the fait of tartar had been cryftallized, and perfedlly iatu- 
rated with fixed air, it would alfo have aded in the manner 
of a neutral fait, and produced no increafe upon the ratio. 

My volatile alkali, being the fal vohdlis falls ammoniaci, 
was tried only in two proportions. 



Vola- 



4if Point of CMgelation. 



309? 



Vokdle alkali. 



Proportion of 
water to alkali. 



10 : I 
5,18 : I 



Freezing 

point by 

experiment. 

o 

>9 



Freezing 

point by 

calculation. 

o 

^9 



Here aUb there is no appearance of an increafe of ratiO| but 
rather the contrary. 

The fpecific gravity of the fpirit of wine I employed was 
9829 at 6i\ It depreiled the freezing point according to the 
following table. 



Spirit of wine« 



Freezing 

point by 

experiment. 


Freezing 
point by 
calculation. 


24i 

8i 




4 


4 



Proportion of 
water to fpirit. 



3*66 : 1 

3:1 

2,5 : I 

The total difference between the calculation and experiment, 
upon a reduction of the freezing point from 24°! to 4% is i of 
a degree ; but the intermediate points are very irregular, and 
in an oppofite fenfe, as if the ratio were decreafing. It feems 
more probable, that fome inaccuracy in the experiments, per- 
haps owmg in part to the evaporation of the fpirits, (hould be 

Tt2 the 
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the occafion of this, than that there fhould be fuch an irregu- 
larity in the law. 

If any perfon fhould alledge, that the difference between 
the obferved and computed freezing points in the. foregobg 
tables is not fufficient to eftabliih the increafe of ratio, I can 
only reply, that it appears to me greater than can reafonably 
be afcribed to error in the experiment; efpecially as (imilar 
experiments with neutral falts, not conducted more atten- 
tirely, agreed fb well together in pointing out a difierent law. 
It muft be allowed, however, that the experiments do not 
(hew any increafe of ratio, except in the vitriolic and nitrous 
acids, fait of tartar, and, with more ambiguity^ in fpirit of 
wine : from analogy only I fufped it to take place in the other 
acids, and in the mineral and volatile alkalies provided toey 
are cauftic. That a different law from what prevails in the 
neutral falts fhould take place with thefe fubflances, feems not 
furprifing, when it is confidered how much flronger attrac- 
tion they (hew for water, and how much lefs limited the pro- 
portion is in wKich they will unite to it : for the fame reafons, 
I (hould not think it extraordinary, if deliquefcent. falts, com- 
bined with water, (hould be found to obfcrve the fame in- 
creafing ratio in deprefCng the freezing point. 

As other experiments upon the watery congelation of acids, 
and in lower degrees of cold, have been given to the public, it 
would have been defirable to compare them with mine, and thus 
to have obtained a greater, length of fcale. But the difficulty 
of afcertaining the precife ftrength of different acids is fo great, 
and a fmall uncertainty in this refpeiJ: may occafion fb much 
error, that I conceive little reliance can be placed,, with regard 
to the prefent objeA, upon any experiments except fuch as are 
4 • made 



tbe Pmt of Congikthn, ^ a 

made by dilutiog ^t faint acid with different proportions of 
waten 

I fliall conclude this Paper with the account of an experi- 
ment to determine the efFefk of fait upon the expanfion of 
water by cold. Pure water begins to (hew this cxpanfTon about 
the temperature of 40°, that is, 8 degrees above its freezing 
point. I put a fblution of common fait, in the proportions of 
4»8 parts of water to one of the fait, and confequently whofe 
freezing point was S^f , into an apparatus I had ufed for other 
experiments of the fame kind ; and found that the folution 
continued to contrad till it was cooled to 1 7'', but had fenfibly 
expanded by the time it was cooled to 1 5^. Suppofe the expan* 
fion to have begun at i6®f, it would be juft 8 degrees above 
its new freezing point. Hence we have reafon to conclude, as 
far as one experiment goes, that the combination of a fait 
with water has no other efie^ upon its quality of expanding 
by cold, than to deprefs the point at which that quality be- 
gins to be fenfible, juft as much as it d^prefTes the point of 
congelation. ^ , 

It is probable, that the fubjedt of this Paper will appear to 
fome minute and trifling. Did it lead to nothing further, that 
opinion might be juft. But it is by the accumulation of fafts 
of this kind, and efpecially fuch as have been developed by 
Mr. Cavendish in his excellent Papers on the freezing of 
acids *, that the foundation muft be laid for a general theory 
of the laws of coheiion, which may ultimately lead to a know- 
ledge of the ftrufture upon whidh the intimate properties of 

* Philofophical Tranfafiions, Vol, LXXVI. p. 241. and p. 166. of this 
Volifme. 

bodies 
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bodies depend ; in the fame maimer as more accurate obienra- 
tions of the diderent motions of the great mafles in the uni« 
verfe, paved the way to the fublime difcoveries of Kbplbi 
and Newtok. 
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^IX. Addhknal Expmments and Oiferoattons relating u the 
Principle of Acidity^ the Decompofition of Water ^ and Phlo* 
gi/lon. By Jofeph Prieftley, LL.D. F.R.S. mth Letters 
to bim on the SubjeS^ by Dr. Withering, and James Keir» 
Efq. 



Read May i, 1788. 

WHEN I wrote the Paper, which the Society has done 
me the honour to order to be printed in their Tran- 
fa&ionSy I had found that the decompofition of dephlogifli- 
cated and inflammable air, by means of the eledtric fpark, 
produced an acid liquor^ which Dr. Withering found to be 
the nitrous ; though I fhould have obferved, that he exprefTed 
ibme doubt whether the li(^uor did not alfo contain fome other 
acid befides the nitrous. 

I have iince that time been defirous to afcertain the quantity 
of acid producible from a given quantity of air ; and with this 
view I gave Mn Keir as much of the liquor as I had col* 
leded from the decompofition of about five hundred ounce 
meafures of dephlogifticated air, and the ufual proportion of 
inflammable air mixed with it. The liquor, he informed me, 
was 442 grains,, of the fpecific gravity of 1022 (that of water 
being 1000) and that it contained as niuch acid as was equi- 
valent to 12.54 grains of concentrated acid of vitriol; which 
quantity of vitriolic acid is capable of faturating as much ve« 
getahle fixed alkali as b contained in 22| grains of dry nitre^ 

5 or 
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or about 23 J grains of nitre cryftallized in mean temperature^ 
The fediment of the fame liquor he alfo fuppofed to contain, 
at leaft, as much acid as the liquor itfelf. 

That this fediment contains much acid, feems evident from 
this circumftance, that, when it is firft formed, it often emits 
fmall bubbles, which rife to the furface of the liquor, and 
continues to do fo a confiderable time. This was more parti- 
cularly the cafe with the fediment which I had from the tinned 
iron tubes. Theie fmall bubbles, I imagine, confift of nitrous 
air (formed from the fuperabundant acid vapour adhering to 
the metal and the water in the liquor) becaufe when a phial, 
half filled with this liquor, had ftood about a week, the air on 
:the furface of it inflantly, and repeatedly, extinguifhed apiece 
of lighted wood that was dipped into it. 

From the preceding data^ given me by Mr. Keir (and 
making allowance for the indefinite quantity of water con- 
tained in the concentrated acid of vitriol) I am inclined to 
think, that not much more than one-twentieth part of dc- 
phlogi{licated air is the acidifying principle, and that nineteen 
parts are water. 

This, I would however obferve, relates to air fiilly fatu- 
rated with water, in confequence of its having been kept in 
jars {landing In water, fo that I think it poffible that the water 
in the drieft dephlogifticated air may not amount to more than 
nine-tenths of its weight. But I have not afcertained, by any 
experiment, how much water any of the kinds of air arc ca- 
pable of holding in a diffufed ftate, without being any necef- 
fary part of their conftitution. 

Though Mr. Keir found the greateft part of the acid in 
the liquor with which I furniflhed him to be the nitrous^ there 
-were evident figns of its containing a fmall portion of marine 
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acid, by its making a precipitation with a folution of filver in 
nitrous acid. But this mixture of marine acid, he obferves, 
is conftantly found to accompany the production of nitre in 
the operations of nature. Whether the different fubftances 
from which the dephlogifticated air was extraded made any 
difference in this cafe, I cannot tell ; but that which I gave Dr. 
Withering was from minium, and that which Mr. Keir 
examined was from manganefe* 

In the notes which I took of the firft produdion o)F this 
liquor I termed it blue^ and Dr. Withering alfo calls it blue, 
and once a greenijh blue; but that which I gave Mr. Keir, 
and all that I have got fince, is a decided and deep green^ 
which Mr. Keir thinks to be owing to the phlogiftication of 
the nitrous acid. 

Thofe philofophcrs who are unwilling to admit the doftrinc 
of phlogifton, will perhaps fay, that, in thofe experiments in 
which a calx is revived by means of inflammable air, this 
air joins the dephlogifticated air that was in the calx; and 
that, in confequence of this, the metal, being freed from a 
foreign fubftance, refumes its proper form and qualities, with- 
out having received any addition whatever. 

But fince it appeared in the preceding experiments, in which 
inflammable air was procured by means of fleam, that the 
meta/ did not become a ca/x, except in confequence of parting 
with inflammable air (or rather with fomething which, when 
united to water, is inflammable air) it cannot be fup- 
pofed to recover its metallic form without re- imbibing the 
fame thing that it had lofl, which thing may be termed 
phlogijion, 

Confequently, inflammable air being (in the opinion of 
thofe who do not admit the dodrine of phlogifton) the fame 
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thing with the fubftance from which it was procured, onljr 
volatilized, and united to water, it will follow, that any fub- 
ftance iaibibing inflammable air muft become compounded with 
that other fubftance from which the inflammable air was pro- 
duced ; and therefore, all the inferences recited in the former 
Paper, which tend to eftablifli the dodlrine of phlogifton, 
muft be admitted. 

It will be aflted, what becomes of the dephlogifticatcd air 
which is certainly expelled from red precipitate when it is 
heated in inflammable air, and converted into running mer- 
cury, if the inflammable air enters into the calx, in order to 
its becoming a metal ? I anfwer, that it unites with a part of 
the inflammable air, and forms nitrous acid ; for the water 
that is collected in this procefs is ftrongly acid, as appears by 
its turning the juice of turnfole red ; but the quantity is (b 
fmall, that it will hardly be poftible to afcertain what acid it 
is. Analogy, however, decides clearly in favour of the 
nitrous. 

It may be fuppofed, that in this experiment with red preci* 
pitate^ the acid was that which had not been fufficiently ex- 
pelled from that fubftance in the procefs by which it is made- 
But the refult was the very fame when I ufed precipitate perfe ; 
and on this occafion I ufed a portion of that which I procured 
from M. Cadet in Paris, of which mention is made in the 
fecond Volume of my Experiments, p. 36. 

On the other hand, that which is expelled from finery cin- 
der, when it is heated in contaft with inflammable air (and 
thereby becomes 7r(?«^ is pure water ^ without any acid. This 
1 found to be the cafe even when the inflammable air had been 
got from iron by oil of vitriol. Doks not tliis prove that the 
2 iron 
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iron had imbibed what was properly water^ and not any one 
conftituent part of water only ? 

. That water enters into the conftitution of every kind of air 
I fuppofed, becaufe it certainly does into that of inflammable^ 
fixed^ and dephlogifiicated wc^ and becaufe non)e of them can be 
produced except by procefTes in which Water either certainly is, 
or may be well fuppofed to be, prefent. That nitrous air alfo 
contains water, I have lately found from the iron that is heated 
in it becoming a proper finery cinder. 

At the publication of my laft Volume of Experiments, I 
had found, that iron heated in nitrous air acquired weight, 
and that what remained of the air was phlogiflicated air. 
Having fince that time repeated this experiment, and after* 
wards heated the iron, which waa by this means increafed in 
weight, in inflammable air, the iron loft its additional weight, 
and water was copioufly produced, as in the fame procefs with 
finery cinder, or, as I fometimes call it, fcale of iron. 

As nitrous air may be deprived of its water, and become 
phlogifticated air by heating iron in it, I find that it undergoes 
the fame change by being repeatedly tranfmitted through hot 
porous earthen tubes, through which I fcnne time ago difco* 
vered that vapour will pals one way, while the air contiguous 
to the heated tube will pafs the other. 

I firfl tried this procefs with turnings of iron in the tube, 
by which means the iron was readily converted into finery cin- 
der ; but afterwards I found that the fame change was produced 
in the nitrous air by the hot tube only. The' two bladders 
which I made ufe of in this experiment (and by the alternate 
prefiure of which I made the air contained in them pafs 
through the hot tube) became red^ juft as any bladder does , 
that is filled with nitrous air, and then expofed to the influ- 
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ence of the atmofphere till it becomes phlogifticated air, as 
may be feen in my former experiments. In this manner I 
now always treat the bladders in which I make experiments oa 
air. It prevents them from putrefying, and gives them a 
firmpefs of texture (imilar to tanning. 

That nitrous air contains water, and that this water can 
contribute to the formation o£ fix^d air, is evident from the 
following experiment. I heated five grains of charcoal of 
copper in eight-ounce meafures of nitrous air, till it was in- 
created to ten-ounce meafures, and the charcoal had lof): one 
grain. Examining the air, I found about one-fifth of it to be fixed 
air, and the remainder phlogidicated. It feems, therefore, that 
nitrous air confifls of water, and fomething that may be called 
the bafis of nitrous acid, or that fubftance which, when united 
to dephlogifticated air, will make nitrous acid ; and this feems 
to be pure phlogifton, fince it is found, as the preceding expe- 
riments (hew, in the pureft inflammable air. May we not 
hence infer, that the nitrous is the fimpleft of all the acids, 
and perhaps the bafis of all the reft ? 

It is evident, that more water than enters into the compofi- 
tion of nitrous air is neceffary for the change of it into what 
I have called depblogifticated nitrous air^ becaufe the contaft of 
iron will not, without water, produce that change in it* 

Though fixed air, as I have fliewn, contains water as well 
as nitrous air, it cannot be deprived of it, and be decompofed, 
by the fame means ; for I have heated iron in it by a burning 
lens, and have alfo made it pafe repeatedly through a hot 
earthen tube containing turnings of iron, without producing 
any change in it. 

In the former Paper I feid, that mang&nefe of itfelf gives 
only the pureft dephlogifticated air by heat ; but I have now 

a quantity 
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a quantity which, after giving pure air with a rnoderate heat, 
gives air that is- more than half fixed air with a greater degree- 
of heat. It is evident, as I have obferved before, that there 
are very different kinds of mahganefe. 

In thefe Papers I have fuppofed, with M. Lavoisier and 
others, that the principle of acidity is in the dephlogifticated 
air only ; but as the acid is always formed by the union of this 
air and the inflammable, it may, perhaps, with equal proba- 
bility be fuppofed to be in either of them, or to be a com- 
pound of them both. 

Mr. Watt defires me to mention it as his conjefture, that 
the nitrous acid is contained in the inflammable air as the acid 
of vitriol is in fulphur, the phofphoric in phofphorus, &c. ; 
and that the dephlogifticated air does nothing more than deve- 
Ibpe the acid. Mr. Keir, who. was led to exped that an acid 
tnu/l be the refult of the union of dephlogifticated and inflam- 
mable air, becaufe fome acid is always the confequence of its 
union with other inflammable fubftances, thinks that both 
may be neceflary ingredients in it. Farther experiments may 
throw more light on the fubjeft. 



Ta THB REV. DR. PRIESTLEY, 

I> E A R SIR, 

I at length fubmit to your confideration the trials which' 
I made upon the liquors you produced, by the firing of ^^- 
pblogijiicated and inflammable air in clofe veflcls ; and if yoir 

thhik ^ 
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think proper you may tranfmit them to the Royal Society, by 
way of Appendix to your own Paper upon that Subje^L 

Dec. 25f 17^7* Li(iyoR produced by burning, in a clofc 
copper veffel, inflammable air got from iron by means of the 
fteam of water, and dephlogtflicated air ^ expelled by heat only, 
from MINIUM. 

This liquor was blue, and contained a reddifli brown fedi* 
ment. 

Exp. I. ^erra ponderofa lime water ^ 
2. Common lime water ^ and 
5. Caufticflxed alkali^ caufed a greenifh precipitation. 

4. Cauflic volatile alkali produced a beautiful deep blue 
precipitate, which was wholly re^diflblved by the 
addition of more volatile alkali. 

5. Phlogiflicated alkali gave a reddifli brown precipitate. 

6. Nitre of kad^ no change. 

y. Nitre offllver^ a bluifh precipitate. 

8. Litmus^ its colour firft turned red, then curdled, 
and at length nearly deftroyed. 

9. The filtering paper ^ employed to feparate the fcdi* 
ment, was a flow burning touch*paper. 

§11. 

Dec. 30. Liquor produced, by burning in a clofe copper 
veflel, inflammable air^ obtained as in § i. and dephlogifticated 
air^ expelled by heat only, from manganese. This liquor 
was blue, and contained a reddifli- brown fediment. 

Exp. I — 9* Similar to thofe in § 1.; and the refults being 
vx all points the fame, I determined to mix the liquids toge* 

thcr^ 
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ther, the quaDtities being finally and fubmit them to further 
exammation. 

§ftr. 

Exp. !• The united liquids being neutralized by the addi- 
tion of caujllc vegetable alkali^ a beautiful green 
precipitate fubiided. 

2. This precipitate diflblved entirely in cauflic volatile 
alkaii, changing to a beautiful blue* 

3. The fuper-natant liquid being flowly evaporated to 
drynefsy the liquor that elcaped during this procefs 
was nothing but pure water. 

4« The imperfeftly cryftallized refiduum (3) effer- 
vefced upon the addition of concentrated vitriolic 

. acid, and being fubnnitted to difliilation, on thefirfl 
application of heat, an orange- colon red vapour arofe, 
u^hich was condenfed in a receiver previoufly wetted 
with pure water. 

5. The diftilled liquor (4) had the fmell and the tafte 
of nitrous acid^ which inftantly changed the blue of 
litmus, and that of violet paper to a red ; and it 
aded upon iilver. 

6. T^erra ponderoja Htm water ^ added to it, occafioned 
no precipitation. 

7. Saturated with vegetable alkali it converted cnp 
paper into touch paper, and formed, upon a (low eva-^ 
poration^ cryftals fimilar to tho& of nitre. 

Jan* ai, 1788. Liquor produced by burning inflammable air ^ 
obtained as before, and dephlogifticated air from mercuries pre^ 
cip. ruber y in a cl(^e tinned iron vefleL 

This 
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This liquor was nearly colourlefs, but contained a large 
quantity of a light brown fediment. 

Exp. I. 2, 5. 4. 5. 8. 9. Similar to thofe of § i. and ji. ex- 
cept the different colour of the precipitates, and that 
made by the phlogifticated alkali being a fine 
blue. 

10. The liquor faturated with vegetable alkali being 
flowly evaporated to drynefs, and the precipitates 
mixed with the brown fediment being put into a 
retort, fbme concentrated vitriolic acid w^s added, 
and heat was applied. A very faint fmell of nitrous 
acid arofe, but no vifible red vapour ; nor did any 
thing diftil into the receiver until the heat was very 
confiderable. 

1 1 . The liquor then diftilled was evidently acid ; but 
this acid was wholly precipitated by terra ponderofa 
lime water. 

Feb. 1 9. Having now received a larger quantity -of the liquor 
and fediment, produced as § i. ^/z. 329 grains of the bluilh 
green liquor, and 12 grains of the reddifh brown fediment, I 
proceeded to repeat the experiments, but the refults correfpond* 
ing witK the former ones, I need only mention, that the liquor 
changed litmus red, and coagulated it; that with phlogifti-- 
cated alkali it gave a brownifh red, and with cauftic vegetable 
alkali a blue precipitate ; that after faturation with the vege- 
table alkali, both the dried fait and the fediment being fub- 
mitted to diftlUation with the addition of concentrated vitriolic 
acid, an orange-coloured vapour inftantly arofe, and the pecu- 
liar fmell of nitrous acid was ftrongly perceived. The diftilled 
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laquor, befides having the tafte of nitrous acid, diflblved filver ; 
and when neutralized by vegetable alkali and flowly evapo- 
rated, afforded w^U-formed cryftals of common nitre* 

Thefe, Sir, are all the trials 1 have made with the liquors 
produced in ypur experiments. They pretty clearly prove the 
acid generated to be the fame, whether the dephlogifticated air 
w^s procured from red precipitate of mercury, from minium, 
or from manganefe, and that this aCid is the nitrous acid. It 
is not quite fo clear why the liquor and fediment in § iv. gave 
no ftronger marks of the prefence of nitrous acid ; but it is 
evident, that the acid had united itfelf to the iron, if not to 
the tin, of the veflel employed : and I find, that when nitrous 
acid is fully faturated with iron by being boiled with it, and 
£oced alkali is added, this mixture fubmitted to diftillation, with 
the addition of concentrated vitriolic acid, yields no red va^ 
pours, and very little fmell of nitrous acid^ 

I remain^ &c# 

W- WITHERING- 

ItirmmghaA, 
^Mn>a(]C2Z> 1788. 



TO TBS R£V. PV. PRIB«TLBY« 
DJIA X. SIR, 

1 H A VE examined the green liquor which I receiwd ftom 
you, with a view to determine the two points you wifhed prin- 
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cipally to know, namely, the quantity and the kind pf tlic 
contained acid. 

The quantity of the green liquor was 442 grains, and its 
fpecific gravity was to that of water as 1022 to 1000. When 
the green liquor was poured out of the phial, there remained 
at the bottom 72 grains of a brown powder, which upon exa- 
mination was found to be a calx of copper, foluble in acids, 
but not in water* 

The colour of the liquor (hewed that it was a folution of 
copper. However, it gave no cupreous precipitation to polifted 
fteeljj till a few drops of acid had been added. This circum- 
ftance fe^med to (hew the perfe£l faturation of the acid of the 
green liquor with the copper ; and this complete faturation was 
further evinced by the very fmall alteration of colour which 
litmus fuffered on beitig mixed with this liquor. This teft did 
indeed feem to acquire a little tendency to redne(s, but the 
efiedt was fo minute as not to deferve contideration, and might 
probably be owing to fome (light phlbgidication, as it is called,. 
of thQ acid contained^ rather than to its fuperabundance. 

Upon evaporating the green liquor by expofurc to air, with- 
out the application of heat, no cryftals were formed, but a 
dry green powder, infoluble in water, but' foluble ia acids. 
You had before acquainted me with this fa A. As folutions of 
copper in the nitrous acid are known to yield dtlique&ent cry- 
ftals, and as no cry(lallization happened in this indance, al» 
though the acid was evidently nitrous, I was defirous of difco* 
vering the caufe of this difference between this liquor and com- 
mon (blutions of copper in the nitrous acid. .Upon making 
fome trials with this view, 1 found that th?re were three periods 
or (lages to be diftingui(hed in the combination of copper with 
the nitrous acid.. The firft period is when the acid is fupcr* 
a. - '^ aBundant, 
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abundant, and deliqucfcent crjftals formed. The fecond pe- 
riod is when the acid has been completely faturated, or per- 
haps fuperfaturated, by repeated and alternate evaporation to 
drynefs, and re-diflblution in water, and then no cryftals but 
a green powder is formed. The third period is when, by a fur- 
ther evaporation of acid and increafe of heat, the green pow- 
der is changed into a brown or black calx. The complete fatu- 
ration of the green liquor feems then to be the caufe of the 
formation of the green powder on evaporation, inftead of deli- 
qucfcent cryftals ; and the production of the brown calx may 
be fuppofed to be* either the rcfult of a calcination of a part of 
the folution of copper which may have taken place in confe- 
quence of the great heat excited by the inflammation of the 
two airs ; or to have been formed by the adlion of the heated 
dephlogifticated air on the copper. 

In order to find the quantity of acid that was contained in 
the green liquor, I added, by flow degrees, to 100 grains of 
this liquor, a folution of mild fixed alkali, till no more preci- 
pitation took place, taking great care to ceafe adding alkali as 
fbon as the copper ceafed to precipitate, to prevent a re-dilTolu- 
tion of the precipitated metal. Upon examining how much of 
this alkaline folution was required to faturate a given quantity 
of oil of vitriol of the common fpecific gravity, viz. to water 
as 1844 to 1000, I found that the 100 grains of green liquor 
required for its precipitation as much alkali as 'would faturate 
3,837 grains of the above-mentioned acid of vitriol. And as 
the whole quantity of green liquor was 442 grains, its preci- 
pitation would require as much alkali as would be capable of 
faturating ^2,54 grains of the concentrated vitriolic acid. 

This quantity of vitriolic acid is capable of faturating as 
much vegetable fixed alkali, as is contained in 22 1 grains of dry 
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nitre, or about 23 J grains of nitre cryftallized in mean tempe* 
lature *. 

The difficulty of finding even an approxiittatiofv of theqwan^ 
tity of acid, or of air expended in forming the brown calxy 
mufl: be very great ; and this circumftance (hews the diiadvan^? 
tage of ufing metallic vcfTels, although in other refpefts moro 
commodious for your large experiments than thofe of glaf^ 
I think it is probable, that the quantity of acid expended in 
this manner is as much or more than the quantity retained in 
the folution ; but I am forry I am not able to give you any 
grounds for a true determinatioa. However, the experiment 
which I made with, the calx was as follows. I diflblved it ia 
vitriolic acid, and having faturated with alkali the fuperfluoua 
acid, I precipitated ihc folutipn by a fixed alkali of known 
ftrength, and I found th^ the quantity of alkali requisite for, 
this precipitation wasas much as would faturafie ten grains.of 
the oil of vitriol before mentioned^* This quantity of vitriolic 
acid is fo much lefs than I (hould"expe£t, that I regret I have, 
pot an opportunity of repeating the experiments 

The next point to be determined is the Jpedej of acid that i& 
contained in the green liquor. The acid produced in your 
former experiments of bui:niug inflammable and dephlogiiH- 
cated airs was determined to be the nitrous; and every trial, 
which I have made of this green, liquor has convinced me,, 
that the fame acid is contained in it alfo. Upon adding, to this* 
liquor fome vitriolic acid and diflilled wateri L obtained by« 

''*■ I fay the ma» temperature^, becaufe the proportion- of water retained hy 
fahi yarjes rciy eoofid^rably, according to the temperature in which thty are 
cryftallized ; the wanner the weather, the lefs water being retainedk The coofi* 
deration of this fad:ought to enter into tht eiUnoates of the proportions of the 
Mmponent parts of falts*. 

2 diftillatida 



AciJity^ Duompofititm of WaUr^ and Pbhgifion, 327 
diftiUation a colourlefs acid liquor, which from the fmell, the 
properties of diflblviug iilver very readily, and of giving a dcr 
flagrating quality to paper foaked in this liquor when fatu- 
rated with alkali, evidently manifefted the pref^nce of the ni^ 
trous acid. But beiides the nitrous, which is undoubtedly the 
acid in greateft abundance, i think I. may venture to affirm tho 
exigence alfo of the marine ac\d.. 

Upon adding to the green liquora folution of Iilver in which^ 
the acid was fuperabundant, the mixture became turbid; and 
when it was boiled, the minute particles coUeded and 'fell to^ 
the bottom in form of white flocks, which, on expofure ta 
light, became dark coloured, and were re-difflolvedby volatite 
alkali ; all which appearances are indications of a luna cornea^.. 
Although thefe appearances left no ^ doubt in my mind of the - 
exiftence of a marine acid, I am-'nev^rthelefs much obliged to^ 
our ingenioiis philofophical friend Mr» Johnson for reminding' 
us, that Mn Cavendish had alfo obfcrved,in' the. acid pro-^ 
duced in his experiment of paffing the eleftric-fparki through a*. 
mix:ture of dephlogifticated and phlogifticated airs, a precipita^f^ 
tion upon adding a foliftion of filver ; from^ which, however^: 
that moft accurate philofopher would noc infer ^he prcfence of 
marine acid, having difcovered that the precipkation might be 
produced by the nitrous acid itfelf, when that acid is muchi* 
phlogifticated. The acid of the green liquor is in fome degree ? 
phlogifticated, as appears both from the fmell which T^per-* 
ceivedon adding the folution of (ilver, which, a^ I have meqr* 
tioned, contained a fuperabundant^ acidf and r from the greea. 
colour of the liquop ; for J have nevep been able to make any* 
but blue or greeni(h-blue faturated folutions from copper and- 
nitrous acid, although they fometimes appear green from a 
fuperabundant quantity of yellow. acid, or from th© yellow- 
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*fumes during the folution. By adding a folutiou of melted 
nitre to the blue folutions of copper either in the nitrous or 
vitriolic acids, the phlogidicated acid of the melted nitre im« 
mediately communicates a green colour* The marine acid 
tends more than the other acids to give a green colour ; but I 
am inclined to impute the colour of your liquor principally to 
the phlogiflication of the acid, becaufe upon adding a very 
fmall portion of vitriolic, marine, or nitrous acid, the colour 
was immediately changed to a light blue. The folution of 
filver, being purpofely acid, always produced this change of 
colour, and I therefore confidered, that the phlogifticatcd acid 
was expelled in the operation , and could not zSeQt the preci- 
pitation. 

Experiments have taught me, that an exceedingly flight de- 
gree of that quality which is called the phlogiflication of nitre, 
is fufficient to produce an alteration in the colour of folutions 
of copper, and that the colour will be changed when the de- 
gree of phlogiftication is incapable of producing any precipi- 
tation of filver. Not only a folution of melted pitre will 
always change the colour of cupreous folptions, but even cry- 
ftals of nitre, when mixed with the nitrous acid, and the 
mixture boiled to drynefs upon copper, and re-dii!blved in 
water, will give a green folution. If cryftals of nitre be dif- 
folved in a colourlefs folution of filver in nitrous acid, and this 
mixture added to a folution of copper in the fame acid, the 
blue colour of the latter will be changed to a green, although 
neither the nitre nor folution of filver will feparately have this 
effed, neither will nitre diflblved in a dilute nitrous acid. I 
do not know what degree of phlogiftication may be required to 
precipitate filver, but I fuppofe it to be very great ; at leaft it is 
certain, that the degree of phlogiftication capable of giving a 

green 



jtcidity^ jyecpmpoptm cf Waitr^ and PBfogtJion: i^t^ 
green colour to folutions of copper is infufficient to precipitate 
iilver. Mr. Cavendish, when he relates the fad of the pre^ 
cipitation of filvcr, fpeaks only of nitre, much phloglfticated, 
poffcfling this property. 

To obviate any fufpiclon of the precipitation of filver being 
owing to the phlogiftication of the acid, I addfed to fome oC 
the green liquor about an equal quantity of colourlcfs nitrous^ 
acid and fome diftilled water, and I kept this mixture boiling 
half an hour, in order to difengage and expel any phlogifticated 
acid which it might contain. To the liquor, which remained 
perfedtly pellucid, I added a Solution of iilver, upon which thet 
precipitation immediately took place with all its ufual circum*- 
fiances, and in. as great a degree as before^ 

If, upon examining the acids which you or others may- 
hereafter obtain by the inflammation of airs, a mixture o£ 
marine acid be con(lantly found to accompany the produ^oa 
of the nitrous^ the fad will be only analogous to* all tvhe otheif 
known pcoduftions of nitrous acid; in all which^ either ia^ 
the natural formation of nitre as in Spain and India, or in the 
nitre beds and walls made by art, a very large proportion of 
marine falts is conftantly obferved to accompany the nitre. 

I ihall conclude my letter with mentioning a faft, which I 
obferved in making fome experiments to find the caufc of the: 
formation of the green powder above-mentioned, and which,, 
though-not relative to theprefent fubjeft,. may be thought not- 
unworthy of communication, his the Je^ompofition of common 
fait and Jeparation of its alkali by copper. As I conceived the opinion' 
that the formation of this green powder by evaporation of this- 
green liquor was owing to the perfedt faturation of the acid,, 
among other modes of obtaining a perfedlly faturated folutioni 
of copper, I fprinkled upon plates of copper ftrong folutions^ 

o|. 
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of Qommon fair and of fai ammoniac. In a few days the fal 
ammoniac was found to have cotiverted tlie copper into a dry 
green calx ; but the common fait a£ted more (lowly upon the 
copper, and continued moift during feveral weeks. At length, 
however, at the end of two months, a dry green calx was 
£>rmed, and I obferved, that round the edges of the calx 
where it joined to the furface of the copper not afted upon^ 
and where the liquor had lafl: flood before it w^s dried, au 
cfBorefcence had formed of mild mineral alkali, which ieem^ 
to have been feparated from its acid by the aflion of the cop- 
per on the acid, and perhaps. aided by ^he affinity of the alkali 
itfelf to fixed air« 

The fal ammoniac alfo had probijply been ;decompofed by 
the copper, but the volatility of its ^Ik^line bafis, when dif- 
engaged, had prevented its' appearance. 

Wifhing you may lon^ continue to add to the numerous and 
.^lendid lifl of difcoveries with which you have already ^n- 
fxlched natural philofQpby, 



jMarch26,^i7M. 



1 amj &c» 
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XX. On the Probabilittes of Survhorjhlpi between Two Per/ons 
of any given Age$^ and the Method of determining the Value % 
of Reverfions depending on thofe Survivor/hips. By Mr, Wil* 
liatn Morgan; communicated by the Rev. Richard Price, 
D.D.F.R.S. 



^ Read May 8, 1788. 

THE hypothefis of an equal decrement of life, adopted by 
M. D£ MoivRE, for the purpofe of facilitating the com- 
putations of life annuities, has not only been rendered unne- 
ceiiary by the late publication of many excelldnt tables deduced 
from real obfervations ♦, but has likewife been found fo very 
incorreft in fbme cafes, that probably little or no recourfe will 
ever^beliad to it in future. But though the dired application* 
of this hypothefis may be laid afide, there is danger of its not 
being entirely abandoned ; and mathematicians may ftill be led 
to reafon from this principle, bjf^ deriving their rules fconi the 
expeStatlons rather than from the real probabilities of life. The 
ingenious Mr. Tuomas Simpson has contented himfelf with 
this inaccurate method in his Sele£): Exercifes, and he has been 
followed in it by moft other writers on the fubjea+. Even 
in thbfejcafes which involve.only two lives, the errors arc oftln 

* See Dr. Price*s Trcatife on Rcvcrfionaiy Payments, 4th edit. ; and Mr. ' 
Buron Maseres on Life Aamiities. 

f Dr. Price's folutions of bis L5th and j6tb qtiefiions.are exceptions to this.! 
remark. . .... ^ | 
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confidcrablc, ' cfpecially if the expedtations arc derived from the 
LcnJcn^ the Sweden J or any other tables, in which the de- 
crements oif life are unequal. But when three lives are in- 
volved in the que(Hon, t^iefe errors vc generally enormous ; 
nor is i( ever (afe, when the ages of t^pfe liv^s diflfer very 
my?h, to have recourfe to rules which are founded upon this 
principle Th? t^ree loUowinig problecps, though the moft 
common in the dodlrine of furvivorfliips, have never hitherto 
been folvcd in a mahner ftriflly true. The fecond of them is 
of particular importance, and I have taken much pains to exa- 
mine how far Mr. Simpsov*s folitf:Ion of it may be depended 
upon. It has, indeed, been folved by M. de Moivre*, and 
Mr. PoDSON *f : \fjift the 6rft of thefe writers h^s erred moft 
egregioufly in the fQlutioQ it£blf, and the other having derived 
li.is rule from a wroi^g hypothefis, has rei^dered it of no ufe. 
It is mvkch to be ty^ibed that the ipluj^ons of 9U cafes in rever-^ 
iipns apd furvlvorQijps were dedujced, like th^ three follQwing 
o^jes> fyqtf^ tljie real prob^ijities of li|e. Mo0 of thpfe wl^cjb 
a^ vpw^ ip, u^ are ajl h^ft bu^ ^pproxim^Upiiis, ap^d ca^ new^ 
b^ xjelLed on, \iiith ai)y tolerable degree of fyiisBL&ion^ 

PROBLBM I. 

Syppofivg the ages of two perfons, A znji B, to be given ; 
to determine the probabilities of furvivorfhip between them 
from any table of obfervations. 

SOl^UTION. 

Let a repreient the number of perfons living in the table at 
the age of A the younger of the two lives. Le^a^, a^\ of'' 

^ See Mr. de Moiyks'i 17th problem, and Dr. Phick's remarks upon it ia 
kit TreatifeoQ Reiecfioiiary Pajrmenta, Eiay 3. Vol. L 

t See DoDton't Mathenatical Repofitorv, Prob. 23. Vet. ill. 

4 4"", 



af^^\ ttc. feprdfent tbte deerements c^ life at thd enil tflF the 
ifty zdi 3^9 4tb, &Ct yean from the age of A. Ltt ^ fef^re^ 
lent the number of ^^fboa living at the age 6f B the older of 
the two li\^t ^d Cj d^ e^ff && the number of perfonB Mt^hig 
at the end of the ift^ ad^ 3d^ 4th» &c« years from the age of 
B. Sappofing now it were required to determine the probabi- 
£ty of B'i furviyitig A in the firft year. It is manifeft that 
ihis eirent may tak» ^bce dther by A!s dying bdbfe the £nd of 
the year and B*s furviving that period^ or by the eKtiti£lioti 
of both the lives^ reftrained however to the conttngenpy of B*a 
kaving died laft. The probability that A dies tn the firft year^ 

and that B furvives it, is eXprtffed by the fraftion ^ The 
probability that both the Uvea die in this year is expreHed by 



ab ' 
A dies Jirjl^ this fra6lion fiiould be f^duced tme^balf^ and then 

2ab 



the fra^lion iJlizf t and as it is very nearly an equal chance that 



it will become «*-~p. Hence the whole. ffrobabHitj 6f B^# 



fumving Ainthefirft3rcarwillbesjj^+— ^jj^s-^p". la 
the fame manner the probability of B*8 furving A in tiie ad, 

3d, 4tfa» &c. years may be fimnda ^ • * • • ^ • • • • 

1±^, &c refpediveiy ; therefore, the whole probability of B's- 



ioh 



^j^^^'^^'jutlL^'^jJ^I, 



furviviug A will be-;l x*^'y+'-i^4"+if' 4'"+'-5^-'% 

&c. 

Having found by the preceding fcrics the probability of B, 
the elder life's, furviving A the younger ; the other expreffion, 

y y 2 which 
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which detwtcs the probabtlitf of A!s furviving B^ is well known 

to be the difference between tlie fbregcnng-feries and unity. 

The fum of this feries might eaiily be determined from 
tables of the expedations of iingle and joint lives *• But no 
fuch table as the latter having ever been computed, it will by 
no means be found a laborious undertaking to compute a table 
of the probabilities of* furyiYorfliip between two perfbns of all 
ages immediately from this feries,. without having recourfe to the 
expedationspf life. For if the probaUlity of furvivorfhip between 
a^fty two perfonS'b& found, the probability: between two perfbns 
one year younger is obtained with little difficulty ; and by pro- 
ceeding in this manner a whole table may be formed in lefs time 
than would be necelTary for computing one of the expedations 
of two joint lives. To exemplify what I have faid, I fliall 
juft fet down a few operations for determining this probability 
of furvivorfliip, according to the Northai^pton Table of Ob- 
fervations +, between two perfons, who/e common difference 
of age is lo year5# , , 

f The above feries, exprjcfltnl; the probability of, furvivorfliip, may be cafilX 
found, from the folution of the nfcxt problem, =: g- K-AK-r . C--AC . j^ 

• *' ■ >. I 

denoting the expedition, of one life one year younger than B ; C the e3q>e^ation 
cf a* life onp year oMer than B; AK and AC ihe«expp£tetioti9 of the jcjptlivei 
of A and K, and of A and C, refpedtively ; and /?, as in that problem, the 
nuolbtTr of perfons living in the table of obfervations at the.agc of K. 
f See Drt Price's Treatife on Rcverlionaiy Payments, Tab. 6. Vol. IL 
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Age 


Age 

of,A, 


' Probability of B*8 flirviviii^ A;* ' ■ 


^robibiiity of* AS 
..furviying B. 




86 

.?4 
•83 

81 


. - ' . . 






V ~»<^ X ^A:3 11^2 • • 


I -.,117^ =.8887 


916 


1x145" 2 • ^^ -r/.J '. -.i 


* . 


■' ''v'4^* >ir"jii^i?-.i6o6 


1 , • » . 
I — •1606 = .8394 


95 


4K.I86'= .a '".4^^*" 




^ - '9^4 Y 'a8-K t To.c:r:.inAb 


I — •204;9e<.795l 

J -•24ao.3a.7580. 

r 


94; 

1 


9 X 234 2 ^ . -^ ^ 


93 


i&'xaftg'' i ^55.+ 4iM-'a+ZQ 


- 4." 


I* 24+16 * - * 


... f 

i-:28^7 = .7io3 
I— .3022 =".6978 


9» 


a4X3+6^' 2 '^i/'.i.iig •a7;?p 

' if^*'*"..**x 6o^ iico-r 2807 


91 


34x406^ a J^ooiz259 .105)7 


po 


46 X ^69 ^ 2 X 03 i 1 3999 - .30M 



If may eafily be feen from thefe Ipecimens in what manner 
the probabilities of lurvivormip between two y9unger li^cs are 
deduced f;x)m the probabilities between two older lives, pro- 
vided their common difFerenbe* of age be the fame; for the 
numbers 17 .. 119.5 . . • 43i-5> &c. in the 2d, 3d, 4th,. ipc. 
fcries are the fums of the feries next preceding. Thus 17 is. 
=:34x f . . • 119.5 is = 41 ^T+^7 • • r • 431*5 is=48 x y + 
i'9*5> &c. It may be neceflary to obferve further, that if 
the ages of the two perfons be equal, the probability of furvi- 
vorfliip between them bemg likewife equal, is expreffed by the 
fraftion i ; and that this affords an inftance of the accuracy of 
the foregoing inveftigation ; for the feries exprefling the proba* 
bility in this cafe is the fame with this fraftion, the chance of 
furvivorftiip becoming then (fincc a=ii; a^zzb-^c; a^^:=: 



^-^, &c.; and ^H-cx tf'^^ + r x ^- c = 3* -r% &c.) «■ 

1[tf + 1br 

Mr. 
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Mr. S1MP8OK9 in his Treatife oa Aanuiues and VLtvt> 
{ions * has given i curve whofe area deteraunes the probabn 
lity of furvivorlhip between two pcffona according to any table 
of obfervatiofls.' If one of the fiteS be not veiy youu^ (^ 
that the equidiftant ofdmates may not be too few, this arda is 
fufSciently corre£):. But if the eldeft of the two lit«s is tiild^ 
zo years of age, it heconies neoeflary to aifume fbmahy equi- 
diftant ordinates to render the fblution accurate, when the de- 
creoaents of life are unequal, that the operatton it tendered 
much too laborious for ufe ; %or do I know that it can be ne- 
cei&ry to have recourfe to this area in any cafiit efpeckHy as 
the true probabilities of furvlvorfhip are to eaiily computed 
from the preceding feries. 

The following table has been formed in the maAner de« 
fcribed above ; and as no fuch table has ever been attempted 
before, I have been the more defirous to render it complete, by 
computhig the probabilities of !furvivor(hip between two per* 
fons of all ages, whole common difference is not lefs than 
ten years. 

Inftead alfb of fuppofing cei'tainty to be denoted by unity, 
I have aflumed too for this purpofe ; fo that the fums in the 
adjoining columns exprefs the number of chances in 100 
which are ia favour of B or A^s furviving the other. 

^ Leiiim a. p. xoo» 
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Tablb, fhowing the probabilities of furvivorfliip between two 
peribns of all ages, whoie coiQmon ^ijSkrtncc of age v$ not 
kfe than ten jrears, compMed from the Northampton Table 
of Obfervations in Ur. Price's Treatife on Rcverfionary 
Payments. 



Ten years itiSereBce. 


Twenty yean dSfercncr. 


Thirty years diffisrcnce. 


Ages. 


ProiMbiikies. 


Ages. 

■ 


Protwbilities. 


Ages. 


Probabilities. 


i»- I 


58.59 1 4»-4i 


21-1 


52.46 


47-54 


3»- » 


4823 


51-77 


12— 2 


S>.30 


48.64 


: 22 — • 2 


4433 


55-07 


3a- 2 


39-36 


6064 


13- 3 


48.23 


5»-77 


23- 3 


40.88 


59.12 


33- 3 


35-57 


64-43 


14- 4 


45.98 


5402 


'24- 4 


39.00 


61.00 


34- 4 


32.86 


67.14 


15- S 


44.70 


55.30 


25- 5 


37.69 


62.31 


11: 1 


3»-35 


68.65 


ib-T 6 


43-43 


56-57 


26— 6 


36.40 


63.60 


29.85 


70.15 


«7- 7 


42*53 


57.47 


27- 7 


35.48 


64-52 


'37- 7 


28.83 


71.17 


18-.8 


41.91 
41.60 


58.09 


28- 8 


34-84 


65.16 


38- 8 


27.98 


72.02 


19- 9 


58.40 


29- 9 


34.52 


65.48 


39- 9 


27-53 


72-47 


20—10 


4»-53 


58.47 


30—10 


34.4J 


65.59 


40- 10 


27.33 


72.67 


31 — II 


41.58 


58 42 


31 — 11 


34.40 


65.60 


41-11 


27.24 


72.76 


22—12 


41.68 


58.32 


32-12 


34-42 


65.58 


42—12 


27.18 


72.82 


23-13 


41.78' 


58.22 


33- »3 


34.44 


65.56 


43- » 3 


27.14 


72.86 


2+- 14 


141.90 


58.10 


34- »4 


34.47 


65.53 


44-14 


27.11 


72.89 


25- »5 


42.02 


57.98 
57-84 


35- »5 


S4.5« 


65-49 


45-15 


27.08 


72.92 


26—16 


42.16 


36-16 


34.56 


65-44 


46-16 


27.06 


72-94 


27-17 


42.26 


57.74 
57.68 


37 -»7 


3^58 


65.42 


tSllJ 


27.01 


72.99 


28-18 


42.32 


38-18 


34-54 


65.46 


26.90 


7310 


29-19 


42.34 


57.66 


39- »9 


3444 


65-56 


49-19 


26,7a 


73.28 


30—20 . 


42-3* 


57.69 


40—20 


34-29 


65.71 


50-20 


26.50. 


7350 


31 — 21 


42.22 


57.78 


41-21 


34.08 


65.9a 


51-21 


26.21 


73-79 


32—22 


42.09 


57.9» 


42-22 


33-84 


66.16 


52-22 


25.89 


74.11 


33- «3 


41.97 


5803 


43-23 


33-59 


66.41 


53-23 


25-56 


74 44 


34-*4 


41.83 


58.17 


44-24 


33-35 


66.65 


54-24 


25.22 


7478 


35-25 


41.70 


58.30 


45-25 


33-09 


66.91 


55-25 


24.87 


75.13 


36-26 


41.56 


58.44 


46 — 26 


32-83 
32-56 


67.17 


56—26 


2452 


75-48 


37-27 


41 4» 


58.59 


47-27 


67-44 


57-27 


24.16 


75-84 
76.21 


38-28 


41.26 


58.74 


48-28 


32-28 


67.72 


58-28 


23-79 


39-29 


41. 10 


58.90 


49-29 


31-99 


68.01 


59-29 


23.41 


76.59 


4D-30 


40.94 


,59.06 


50-30 


31.70 


68.30 


60-^30 


23.02 


76.98 


4i-3» 


. 40.78 59.22 


5«-3i 


3»'43 


68.57 


61-31 


22.63 


77.37 


42-32 


40.63 59.37 


52-32 


31.16 


68.84 62-32 { 


22.23 


77-77 


43-33. 


40.49/ 


59 5* 1 


53-33 


30.88 


69.12 


63-33 1 


21.81 


78.19 



Teo 
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Ten years difference. 


Tweaty years difference; 


Thirty yean diffisrcnce. 


Ages. 


Probabilities. 


Ages. 


Probabilities. 


Ages. Probabilities. 


44-34 


40.34 


59.66 


54-34 


30.60 


^9-4° 


64-34 


21.38 


78.62 


45-35 


40.19 


59.81 


55-35 


30,32 


69.68 


65-35 


20.93 


7907 


46-36 


40.04 


59.96 


56-36 


30.03 


69.97 


66-36 


20.47 


79-53 


47-37 


39.88 


60.12 


57-37 


29-73 


70.27 


67-37 


20.01 


79-99 


48-38 


39-7 » 


60.29 


58-38 


2943 


70.57 


68-38 


»9'54 


80.46 


49-39 


39-54 


60.46 


59-39 


49.13 


70.87 


69-39 


19.06 


80.94 


50-40 


3938 


60.62 


60—40 


28.82 


71.18 


70-40 


18.59 


81.41 


51-41 


39-23 


60.77. 


61-41 


28.49 


71.86 


71-41 


18.10 


81.90 


52-42 


39-07 


60.9? 


62-42 


28.14 


72-42 


17.58 


8242 


53-43 


38.90 


61.10 


63-43 


27.74 


72.26 


73-43 


I7-05 


82.95 


54-44 


38.81 


61.19 


64-44 


27-33 


72.67 


74-44 


16.53 


83.47 


55-45 


38.53 


61.47 


65-45 


26.90 


73.10 


75-45 


16.04 


83.96 


56-46 


38-35 


61.65 


66-46 


26.46 


73-54 


76-46 


15.60 


84.40 


57-47 


38.16 


61.84 


^7-47 


26.01 


73.99 


77-47 


I4!68 


84.8s 


58-48 


37-97 


62.03 


68-48 


25-55 


74-45 


78-48 


85.32 


59-49 


37.77 


62.23 


69-49 


25-09 


74 9> 


79-49 


14.16 


85.84 


60—50 


3756 


62.44 


70-50 


24.61 


75-39 


80- so 


13.61 


86.39 


6j-5i 


37-30 


62.70 


71-51 


24.06 


75-94 


81-51 


13.04 


8696 


62-52 


37.00 


63.00 


72-52 


23-49 


76.51 


82-52 


1246 


87.54 


63-53 


36.68 


63.32 


73-53 


22.91 


77.09 


83^53 


11.94 


88.06 


64-54 


36.34 


63.66 


74 -54 


2235 


77.65 


84-54 


11.60 


88.40 


65-55 


35-97 


64.03 


75-^5 


21.8l 


78.19 


85-55 


11.30 


88,70 


66-56 


315-58 


64.42 


76-56 


21.31 


78.69 


86-56 


11.04 


88.96 


67-57 


35- '7 


Ifd 


77-57 


20.00 


79.20 


87-57 
88-58 


10.80 


89.20 


68-58 


34-74 


78-58 


20.24 


79.76 


10.63 


89.37 


69-59 


34-30 


65.70 


29-|9 


1959 


80.41 


89-59 


10.25 


89.75 


70-60 


33-85 


66.15 


80-60 


18.90 


81.10 


90-60 


9.65 
8.68 


90.35 


71—61 


33-38 


66.62 


81-61 


18.23 


81.77 


91—61 


91.32 


72-62 


32.90 


67.10 


82-62 


^7-57 


8243 


92—62 


7-54 


92.46 


73-63 


32.46 


67-54 


83-63 


1703 


82.97 


93-63 


6.18 


93-82 


74-64 


32.04 


67.96 


84-64 


16.73 


83.27 


94-64 


t?i 


95-07 


75-65 


31-70 


6830 


85-65 


16.55 


83.45 


U-'d 


96.32 


76-66 


31-45 


68.55 


86-66 


16.29 


83.71 


a.j8 


97.42 


77-67 


31 20 


68.80 


87-67 


16.38 


83.62 








78-68 


30-90 


69.10 


88-68 


1^.44 


83-56 








79-69 


30-47 


6953 


89-69 


16.23 


83-77 








80-70 


30-00 


70.00 


90-70 


«5.67 


84.33 




t 




81-71 


29.58 


70.42 


qi-71 


14.50 


85.50 








82-72 


29.19 


7oiJi 


92-72 


13-05 


^^9S 


, 






83-73 


28 90 


71.10 


93-73 


1108 


88.92 








.84-74 


2902 


7098 


94-74 


9.24 


■ 90.76 


• 






85-75 


29.17 


70.83 


95 --75 


7-J7 


92.82 
94.88> 


^ ^ , 






86-76 


29.25 


70.75 


9b -76 


5-»2 









Ten 
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Ten yean diference. 




Agca. 


Probabilitici. 




ll'H 


29.42 


70.J8 




88-78 


2994 


70.06 




89-79 


30.29 


69.7J 




90—80 


30.22 


69.J8 


\ 


91-81 


28.97 


71.03 




92—82 


27.20 


,72.80 




93-83 


24.20 


75.80 




94-84 


ao.49 


79--S' 




95- 8s 


.16.06 


83-94 
88.27 




96-86 


«^>-73 





Forty yetn diffarencc. Fifty years diffisrcnce. 
Ages. Probabilities. Ages, t Probabilities 



Sixty years difference. 



41- r 

42- 2 

43- 3 

44- 4 

45- 5 

46- 6' 

47-7 

48- 8 

49- 9 
50 — 10 
51-11 ; 
52 — 12! 

53-13 i 
54-14 

55-15 
56-16 

57-17 
58-18 

59- «9 

60—20 

61 — 21 
62—22 
63-23 
64-24 



43-57 
33-98 
29.85 
26.88 
25.20 

2353 
22.30 

21.40 
20.86 
ao.59 
20.45 
20.35 
20.26 
20.18 
20.11 
2005 
1996 
19.81 

*9-59 

»9-3' 
18.96 

18.55 

18. 1 2 
17.68 



-66.02 

70.15 
73.12 
74.80 
76.47 
77.70 
78.60 
79.14 
79-4 » 

79-55 
79.65 

79-74 

79-8*J 

79.89 

79-95 
80.04 

80.19 

80.41 

80.69 

81.04 

81.45 

81.88 1 

82.32 1 



51- 1 
5*— 2 

53- 3 

54- 4 

55- 5 

56- 6 

$7- 7 

58- 8 

59- 9 
60—10 
61 — 11 
62—12 
63-13 
64-14 
65-15 
66-16 
67-17 
68-18 
69-19 
70—20 
71—21 

72 — 22 
73-23 

74-24 



Vol. LXXVII. 



3Q.16 
28.87 
24.46 
21.28 
19.48 
17.68 

16.35 
»5-35 
14-74 
14-42 
14.22 
1406 
13.90 
13.76 
13.62 
»3-50 
»3-35 
i3-'4 
12.86 
12.53 
12.11 
11.65 

tl.20 
10.75! 

Z z 



60.84 

7i-»3 
75-54 
78.72 
80.52 
82.32 

84.65 
85.26 
85.58 
85.78 
85.94 
86.10 
86.24 
86.38 
86.50 
8665 
86.86 
87.14 

87-47 
87.89 

88.3s 
88.80 

89.25 



Ages. 



61- I 

62- 2 

63- 3 

64- 4 

65- 5 
6b- 6 

67-7 

68- 8 

69- 9 
70—10 
71 — 11 

72-12 

73-^3 

74- H 

76-16 

77-»7 
78-18 
79-19 
80-20 

81 — 21 

82—22 

83-23 
84-24 



Probabilities. 



34.94 
24-13 
»9-5» 
16.1 



14.2 

12.37 

10.92 



9-« 
9.12 

8.73 
8.46 

8.25 
8.05 
7.88 

7-75, 
7.684 

7.59 

7-43 
7.19 

6.90 

6.55 
6.16 
5.81 
5.56 



65.06 

75-87 
80.48 
83.81 
85-72 
87.6? 
89.08 
90.18 
90.88 
91.27 
91.54 

9I-75" 
91.95 

92.12 

92.25 

92.3a 

92.41 

92.57 
92.81 
93.10 
93-45 
93-84 
94.19 

94.44 
Forty 
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Forty years difference. 


Fifty years difference. 1 


Sixty years dUEBicnce. 


Ages. Probabilities. 


Ages. 


Probabilities. 1 


Ages. 


ProbabUities. 


65-25 


17.2a 


82.78 


75 -25 


10.3a 


89.68 


85 -is 


5.32 


9468 


66-26 


16.76 


83.24 


76-26 


9.91 


90-09 


$6-26 


5." 


94.89 


67-27 


16.29 


8371 


77-27 


950 


90.50 


!2-*2 


4.90 


9S.10 


68-28 


15.8 > 


\Kl 


78-28 


l:IJ 


90.93 


88- aS 


^'3 


95.27 


69-29 


15.32 
14.83 


84.68 


79-29 


91.39 


$9-89 


4-48 


95.52 
9587 


70-30 


85.«7 


80-30 


8.15 


91.8$ 


90-30 


4.13 


7»-3» 


1434 
15.84 


85.66 


81-31 


7.70 


98.30 


91-31 


3-63 


96.37 


72-3* 


86 16 


82-32 


7.27 


9«.73 


92-32 


3.10 


96.90 


73-33 


*3.35 


86.65 


83-33 


6.88 


93.»a 


93-33 


a.48 


V^ 


74^34 


12.^7 




84-34 


6.60 


9340 


94-34 


1.94 


75-35 


12.42 


85-35 


6.35 


93*51 
93-88 


96-36 


1.40 


98.60 


76-36 


U.99 


88.01 


86-36 


6.12 


0.95 


99.05 


77-37 


11.56 


5*it 


87-3T 


S-9I 


94.09 








78-38 


II. 18 


88.88 


88-38 


5.74 


94.86 








i[9-39 


10.64 


89.36 


89-39 


5-48 


94-52 
94.89 








80—40 


10.21 


89.79 


90-40 


5-u 








81—41 


9.68 


90.3a 


9?-4» 


4-55 


96.08 








8a— 4a 


9.19 


90.81 


92-42 


3.92 


« 






83-43 


8.76 


9 '.24 


93-43: 


3**5 


96.85 








«4-44 


H 


91.54 


94-44 


2,47 


97-53. 








?:| 


».i8 
7-95. 


91.82 
92.05 
92.26 


^^1 


1.80 
1.23 


, 98.20 
98.77 


'-* 


• 




«i-48 


7.74 






1 


• 






7«59 


92.4ih 






! 








89-49 


7.32 
04)0 


98.68 




' 










90-50 


93.10 




. 










91-51 


6.17 


93.fj 


■ 


. 




, ' 






9a-5a 


5.33 


94.67: 






\ 


- 






93-53 


4.3a 


95.68 




; 


1 








94-54 


3-42 


96.58 






i 








95-55 


2.51 


97-49' 






i 


, 






96-56 


1.73 


98.27 




, 


i 


' 







Sereaty 



on 



541 



Seventy yean difference. 


Eighty yean difference. 1 




Age*.. 


Probabilittei. 


Age>. 


Probabilities. 


Ages. 


Piobabiliticf* 


71- I 


30-49 


69.51 


81- 1 


a4-95 


75.05 


91- 1 


18.93 
9.18 


81.07 


72-2 


»9«45 


80.55 


82- 2 


«4-37 


85.63 


9a— a 


90.82 


73- 3 


14.87 


85.13 


83- 3 


10.34 
7.63 


89.66 


93- 3 


S'Si 


94.4$ 


74- 4 


11.59 
9.80 


88.41 


84- 4 


9a.37 
93.06 


94- 4 


3.12 


96.88 


lizi 


9020 


85- 5 


6.34 


95- 5 


2^xa 


97.88 


0.60 


92.02 


86- 6 


4.92 
3-85 


95.08 
96.15 


96- 6 


».i5 


98.85- 


n- I 


.93.40 


87- 7 








78- 8 


553 


94-47 


88- 8 


3-04 


96.96 








79- 9 


4.84 


95- »^ 


89- 9 


a.50 


97.50 








80-10 


4^ 


95'5<> 


90—10 


a.i6 


97.84 








81-11 


4.18 


95.8a 


91 — 11 


1.86 


98.14 








8a-. la 


3-97 
3.80 


96.03 


92- la 


i«57 


98.43 








83- »3 


96.^0 


93- »3 


1.25 


98.75 








84-14 


HI 


96.28 


94-14 


0.97 


9903 








85-15 


3.68 


96.3a 


95- «5 


0.70 


99.30 








86-16 


3-7° 


96.30 


96—16 


0-49 


99.51 








87-17 


3-73 


96.27 














88^18 


3-75 


96.25 






\ 








«9_i9 


3-67 


96.33 














90- ao 


3*45 


96.55 














91—21 


309 


96.9* 














92 -at 


2.63 


97-37 














93-23 


2.10 


97.90 








. 






94- »4 
95-25 


1.64 
1.18 


98.82 








' 


' 




96-26 


0.80 


99.20 










• • 





P t O V L X M II. 

Su|>po{ing the ages df A and JB to be given ; to determine, 
from any tabk of obfervations, tlie prrfent value of the fum 
S payable on the contingency of one ii&*$ fumvin'g the^ 
other. 



Z2 



ffot tr- 
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SOLUTION. 

Let r denote ^ i. inCrcafed by its iiUereft for a year, and let 
all the other ly mbols be the fame as in tHe preceding problem. 
Let the life of B-alfo be fupppfed to l>c the cdder of the two 
lives ; and then it will follow, by reafoning. as in the- folution 
of that problen>, that the.prefent value of S to be received on 
death of A, fhould that happen in the life- time of B, will be ex- 

prefled by the feries^ b x -^— ^^ 1 -j.- + =- + — ■ , . 

&c. This feries may be refolved into the two fbllowiog; 

-X-r + -r7'l — n + -TT ^^' +""+T* + "73 + "ri+T 
2 abr akr apf^ abir 2 abr airr abt abf 



-X — + -7-7+-r5 + -TT ^^' +- + -r+"73+-ri+'4-7 *^* 

2 fl^r flirr tf^>^ tf^r* 2 abr airr abt abf* 

The firft of thefe two feries may be again refolved mto 

S c ca-^ca' d^ da- da' ^ da" j^ ea -* ta' -- ea" -- ea"' - 

2 ^ It '^T^ T? ah^ "^ br^ abr^ 



- S Ja' .ia''\'ea" i^.^. _v q ^ c .JL da --da' e 

V 2 abr . abr^ ' a^r cr arr £ir 

^^-^^''^^ &C. Let B denote the : value of an annuity on the 

oar ; 

life of B, C the value* of an» annuity on ai life one year older 
than 6, AB and AC the values of annuities on the joint lives 
of A and B and of A ami C^, and thefe feries will be = 

? , ^^-.^ - — ^'^^:^r — • ^St^^r ^ fccond- feries above men- 
tioned, or |- X ^'+.£^4^' &c., by purfuing the fame fteps 

may be found=^ x K-^AK-> ^' ^^^^^ where (i denotes the 

number of perfons living at the age of a perfbn one year 
younger than B, K the value of an annuity on that life, 

and 
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and AK the value of an annuity on the joint lives of A 
and K. TJie whole value of the furvivorftip is therefore = 

Having now the value of the furaS payable on the contin- 
gency of B's furviving A,»the value of the fame fum, payable 
on the contingency of A's ftirviving B, is eafily obtained by 
the well known method of fubtra£ting the value found above 
from the whole value 6f the reyerfioit after the extinction of 
the joint lives of A and R It is evident^ that the exadlnefs 
of the above rule muft depend on the accutacy with • which the 
values oJF thd fing^ and joint liv$s are computed* Being poi^ 
feffed'of fuch tables for all iages, even with fefpeft to the joint 
lives, I have computed the following values, in order that it 
i3pay' be feen how'far Mr. SiMF8oii*s approximation: * (the only 
rule ixNrik ufe) may be depended on* 

* It muft be r«membered, that thf correction czpiained by -Dr.- Price, in 
Vol. 1. p. 39, &c. of hjs Tfeatife on Reverfionary Payments, muft be applied ' 
to ftir/ SiMf soN'^s rule; that h, when thJt reverfion is zjum and not afi eftate^^ 
the Tahie fomid by'the nde muft be divided by ^. i, increafed^y its infereft- for^ 



A^^ 
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< 



10 

20 



payable on the 
death of A if B 
furnves him. 



%o id 

30 
30 

■40 



True 

value. 



3^67 

29.99 
22. 1 1 
27.95 
28.79 
ig.S4 
30^2 
a6-65 



Sjmp- 

60M*i 

value. 



26.05 
24-75 

H73 

27.96 
22.60 

21*47 
30,21 

20.07 



\^ 

SO 

SO 



Value of jf, 100 
payable oii tbe 
death of A if B 
furvivci him. 



to 

40 

a 

Id 

20 



True 
^alue. 



5050 

60 

5o,io 

60(30 



17.10 
32.86 

14.01 
18.65 
3S'8o 
21.52 
10.65 

17.S* 



SlMP- 

value* 



1907 
32-87 

17.06 
1^.21 
19.29 

3585 
13.61 
12.93 
18.19 







Vabe of 


A 100 






payable on the 






death of A if R 


* 


< 


fiirvives him. 





4-d 

Q 
< 


Tnic 


StMF* 


< 


value. 


SON*! 


60 






\'due. 


60 


38.t8 


'^%.^^ 


70 


2 


18.36 


9-3t 


70 


10 


7.07 


9.15 


TO|40 


^S'3S 


»S-7» 


70 


70 


42.34 


4a-33 


80 


2 


14.46 


5-71 


tto 


10 3-93 


S+3 


80 


50 ia.05 


12.00 


80 


8o| 45*47 


45-4S 



Froiu thii table it appears, that Mr. ^mfson*s approxima- 
tion iu th^ iniddle ftages of life is fuflSciently accuiate;^ but 
that it is exceedingly defe^ve when the life of A is very 
young. It (hould alfo be remembered, that thefe values have 
been computed at a low rate of intereft^ and from the 
N&rtba$fiftan Table of Obiervations^ in which the decre- 
ments of life come nearer to M. db Moivr£*s hypothcfis than 
in any other table. But if the computations be made at a 
higher rate of intereft even from this table, the approuma- 
tion does not always agree fb well, as will appear from the 
foUowbg fpecimens calculated at 5 per cent. 

* Thefe values have been computed at 3 /kr anu and from the Northampton 
Table oi OJ)iervation8« 



Age 
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I 



20 

40 
60 



Value of £. 100 
payable on the 
death of A if B 
furrives him, by 
the Northampton 
table. 



True, 
value. 



25.09 
15.49 
23.0 
19.83 

18.73 



Simp- 

8QN*t 

value. 



18.46 

15.97 
11.75 



Value of £. lOo payable on the death of A 
if B furvivei bim, according Im the Swe- 
den Table of Obfervatioos^ and at 4/rr 



20 
20 
20 
40 
40 

40 
40 

60 



14 
20 

4 

16 
28 
40 
24 



True 

value 



21.47 
15*42 
20.01 

23-53 
i3-7« 
17.60 

27.62 
9-39 



Simp- 
son's 
value. 



16.80 
17.82 
19.84 
14*22 
16.23 
20.44 
27.00 
13.01 



6c 



1^ 



36 



6043 
6060 

76 

7064 

7676 



4q 

S2 



Trut 

value. 



12.29 

i6ai 

36.96 

9.21 

17-58 

33.81 
42.90 



Simp- 
son's 
value. 



16.81 
19.58 

t« 

14*^ 
22.81 

4a-29 



In order further to compare Mr. Simpson*s approximation 
ivith the true value,. I have inferted in the foregoing table a 
few computations deduced from the Sweden Table of Obfer* 
vations^ in which the decrements of life are unequal. From 
thefe in(bnces the approximation appears to be more defective 
in proportion as^ the probabilities of life differ from the hypo* 
thefis. It may.be proper, however^ to obferve, that this table 
has been computed from, the values of two joint lives given by 
Dr. Pkics in his Treatife on Reverfionary Payments, which 
values cannot be found with perfed corredhiefs at every age, 
becaufe given in that Treatife (Vol. II;. p. 579 &c. and p. 144, 
&c.) only for ages that are either equal, or whofe difierence is 
^ve years or fome multiple of five as in the 'Northampton 
Table^ or fix years or fome multiple of fix as in the Sweden 
Table. This circumftance may perhaps be fuppofed to afl^£fc 
the values of the furvivorfhips cooiputed from them^ when the 

* Thefe values at ^ftr anu are 21.92 and 22.78. 

5 P"^^ 
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joint lives differ from each other in a greater^orJefs dcgr^ than 
they have been given in thofe Tables. But by compafing the 
values of the reverfions when the ages arc equal {in which cafe 
Mr. Simpson gives the true rule) it will befeen, tliat the 
values of the joint lives are fufficiently correft for the purpofe ; 
and in order to put^this matter out pf all doubt* I have com- 
puted the values by. the foregoing rule -from the txaSl values of 
the joint lives b^ the Northampton Table, and alfo from thofe 
« values which h^ve been deduced from Dr. PaiCE^sTables, and 
I have found. them? to agree exceedingly well*. 

It jn^y be perceived, that in all the cafes of equal liv^s I 
have.computedthc values of the furvivorfhips by the preceding 
rule/ This has i only been, donef to prove its accuracy by cpm- 
paring it with Mr. Simpson's rule, which is in this. particu- 
lar cafe, as I have already obferved, perfeftly right; for when 
the ages are .equal, the chance of .furvivorfliip muft alfo be 
equal, and therefore half xht yz\\xt of the reverfion after the 
.extinction of the joint lives .will be the true value of the 
given fum pay able, on the death -of either A or.B, fubjed to 
.the contingency of his being furvlved by the other life. The 
{truth of this rule is felf- evident 5 nor does it at all feem to 
.depend on Mr. Simpson's folution in his Seleft Exercifcs. 
That. it is capable, however, of bcuig dedujced from the fore- 
going feries, may.be demoixft rated in the following manner. By 

* I flwll jutt meiTiion the followkig inftanccs. When' the age of B.is 20' and 
' t^at of A, is 2 ypar^, tfaevssilue, by taking, tbc jointiives froin Dr. Psicti'i TaNe, 
a^d appr/pxiviatin^ to the real values of ihofe Uvea Jo tke maDjiAr diredlcd by 
him, yd. U. p. 7^. of his Trcaiife, is i29.59. When the ages .of B and A ore 
40 and 2, 50 and -20/ 60 and 2, and 70 and 10, the rcfpediiviB values are. 26.33, 
18.78, 21.57, and 7.08, which being compared with the vfluea in p. 344, will 
.be found to agree almoft exactly with them. 

reafoniog 
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reasoning as in p. 335. the value of the fum S, when the ages are 

eqo J, wiU be-S X i x '-rH- g+^ - '■^'+'s P*^- = 

2 . bar ' ^^/* ^^r' 2 bbr bbf bbr> %r 2r % 

X BB (putting BB for the value of the two equal joint lives) = 

- X - - ^^ X BB = ((ince the perpetuity P is -^, and the 
intercft of any fum is that/ fum multiplied by r-i) 

- X ""' , which is Mr. Simpson's rule with Dr. 

2 r r 

Price's corredlion ; that is, " half the fum multiplied by the 
*• difference between the perpetuity and the value of the equal 
** joint lives, and divided by ^. i increafed by its intereft for a 



Cft 



year 



»« 



PROBLEM III. 



The ages of A and B being given ; to determit^e the value 
of the fum S, payable on the extinction of one life in particu* 
lar, (hould that happen after the extinction of the other Kfb. 



8 O L U T, I O N* 

Suppofing B to be the oldeft of the two lives and the fum 
S to become payable on his deceafe, it is evident that this ' 
payment at the end of the firft year muft depend on the con- 
tingency of both lives being extind before this period and of 
B*s dying laft. Reubing the fame fymbols, and reafoning as 
I have done in the folution of the firft problem, this value 

VojL. LXXVIII. Aaa wiU 
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will be expreffed by the fraillon ^'^^*'^; . I'He payment oi 

the fum S at the end of the fecond yeafe will depend on either 
of two events happening. Firft, that A and B. both die ia 
the fecoud year after having furvived the firft, reftraiaed, as 
above, to the contingency of B's having died laft ; fecbndly, 
that B.dies in the fecond. year and A in the firft y^r. The 
value therefore of S for this year will be expreflcd by the two 

fraaions^-i-^— +^-^^'. Again, the payment of S in 

the third year will depend; either on A and B's both dying in 
Aatyear, and B having died Ax/?; or on B'a dying in that 
year, and A*s-dying in the firft or feCond years. The value 

therefore of S for this year will be = — ^jp— + ;;5p? 

By proceeding in this mauiner for the other years^he whole 

value of the rcverfion will be founds- x.- 




+&C. The 6rft of thefe fcries by proceeding in the fame 
manner as in>the folution of the fecond problem may be found »- 

IxK-AK-^^-^-i .B-AB+4-xC-AC; and. thefe- 

ai 2r 2/fr 

cond fcries ma; be found = - - x C - AC + . Hfence the 



^'fci.i 1 ir 



whde value of the rcverfion wiU bc«S x ^'^• — ^^r'''^"^^ 

r-l . ^-AB- 



QjE. D. 



Havmg uov«t the v&lUe of the fum S^d^poidbg on the c4der 
of thje two. Utfea. dying. h&, the fialiid of the fame dun 

d^'^ifdiiig 



en &iirviv$rfiips. ^^^ 

-depending on the younger of the two lives dying laft Is eafily 
dbtained, by fubtra<9:ing the value firft found from the whole 
value of the reverfion after the extindion of both lives. 

The an ft vers <:on\puted by this rule differ rather more from 
thofe coiif^puted 4)y Mr; Simbson's apprpximajion than they Jo 
in the preceding problem. But I am fearful of becoming te* 
dious, and therefore (hall defift from inferring the comparative 
values in this cafe. It may ngt, however, be improper to 
exemplify the truth of this dehiohftration, by fhewing in 
what manner the fcries may be refolved into the plain 
fimple rulp fof («)pifutiog the valine pf tbe reverfion, 
when the ages are equal. The feries in this cafe become 




^^^^ r. ^ -IT " TTr\ = J^^^W: If ,% aB^.BB,^ th^ 
YflUje ftg^ix anuuity w ^ft J^pg rife <rf th^ ^twoj «(^ ILvefji 

betiwfen. twfo liv^ .w«ht^ bp.6>ua(^ip tha%«^|i]{Wipnp.r a^,i;^ 
vaUwWi ri>? i?ft0fi^i9g:Pr9l?Jlf^ , M^ith r^g^4i ^ {Jbe va^ 
of reverfx>HS depending on furvivorflifps l^tween three lives^ 
I am fenlible that the fohitioni \>£ tbofe cafes would be rather 
d\/a|p^i|Jq .^kjCR-dpduced from the real probabilities 6f life. But 
they certainly might be ofiedled ; and 4hefe are the more aecef- 
fary, inafmuch as the folutions derived from the e^^pe^tiOtts^ 
of life are often fo very defeAive as not to deferve the han^e of 
approximations* 

tGlif.^11^ Place, Feb. 2, ^788% 

* See the latter part of the iblutioii of the ftcond probleoH p. 347, 
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XXI. Ja Account of a remarkable Tran/pofiu'on of the Vifiera. 
By Matthew Baillie, il/. D. In a Letter i<i John Huoter, 
Efy.F.R,S. 



Read May 8, 1788. 

TO JOHN rtUNTRR, ESQj. F. R ». 

1 ; . . • • r : . . 

DEAR SIR, 

AVERY fingular variety iiavhig occ u r re d latelj-tjithc 
ftrndlure of the hum^n body, I beg leave to communi* 
cate an account of it by your means to the Royal Societyf 
if you iOiould think it worthy of their notice. It happcni 
by a very un'cbc&mon concurrence of tircumftances, that 
while I am naturally led by the ties of affinity to apply to 
you upon this occafibn, I caii gratify my pride by thinking it 
IS. at the fame titae to the perfbn who is pofle(!ed of the firft 
reputation for his unwearied refearcfaes in one of the mod ex* 
tenfive, as Well as in tereftingi parts of the fyftem of ilature. 

lam, &c. 

M. BAILUE. 

April 12, 1788. .. 

THERE 
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THERE is nothing which tends more to illuftratc the 
powers and the wifdotn of nature than the invcftigation of the 
flrufture of animals. We there find a mcft wonderful deli- 
cacy of mechanifm^, and . exquifitely adapted'^ to a \rariety of 
purpoies. This, 'however, is not to be better feen by followhig 
nature in her common tradl thian by obferving her wanderings. 
In thefe fhe often (hews more particularly the extent of her 
powers, and" throws light on her ordinary plans. It is fuch 
circumftanccs which give importance or value to the obfcrva- 
tion.of fingiilar phaenomena.; The variety in- animal ftrudfiire, 
an account of which I have the honour of prefenting' to this 
learned Society, is a complete tranfpofition in the human fub- 
jcft of the thoracic and abciominal vifcera to the oppofite fide 
fVom what is. natural.. 

' It is fo extraordinay as ifcarcely to havc> been feen by amy of 
the mcft celebrated auatomiAs, and indeed has been but very 
generally noticed at alL The oircumffetice. has* beeii men- 
tioned, but it has ijotibioen particularly ^diefcrtbed' foas td make' 
it thorougjily known, or :to eftablifh iti certainty. H was 
hanging in the mind^ of many as- doobtfah whether fiich a 
variety did really exift. There is one crrciimftance that attends- 
the account of the prefent cafe, which has not always hap- 
pened in the record of finguhr pha^iomftna, viz. that it has 
been examined by phyficiattS tod* furgeons of the fi^^rft reputa- 
tion in this large tawn, and has been in fome meafure open to 
the gratification of public curiofity. Such a circumflance (wer^. 
it neceflary) would give the ftamp of authenticity to appear- 
ances even, much farther retnoved from the ordinary plans of 
nature. * * 

I.haVt 



r have been at the pains to confult many au^rs ttpon this 
fubjea, but witb verjf Jittle f^ti^fa^iipn. 1 (hall Tiot ^ntet into 
a detail of what I have met with in the -courfe apf thele re-, 
fearches, but (hall briefly notice, that 'when any lufus of this 
fort is mentioned, it is commonly in a (ingle Sentence or two, 
and the tranfpofition is not marked as univerfal, ^r it is a 
change in the fituatiou of fome vifcus from difeafe. In (hcrt, 
I have o^ily found this fingulv lyfus naturae defcribcd by Cat-. 
TiJSRius, M. MERY/and i^I. Da^bejiton; but. by none of 
them is it fufficiendy particular. Enough 4^as been faid to 
point out that they had exaftly met with the ^laine fort of mon- 
ftroii^; but many circumftaii^e^ h^ye been omitted, which I 
hope will be fupplie^ by the paft^t.gcooui^t, which 1 proceed 
immediately to -lay before . the Society. ' f 

The perTon who is the fu^ft erf tln^ P^Pfr w??.? "!?j^f, 
near forty yeajfs of «ge» fonaewhg^ ^bpve the mijldje -ftatyrc, 
ajid of a cleai^ adtiv^. (hi}pf . Be was brought; for dificdiou m 
the coipm.pn way. to \yindmUl*(lreep. Upon qpenlpg tb 
cavifX of the thorax ^a4 abdoipeiu thj?, dijffierent fitvwjio^ of th«, 
yifcera was Jiy ftriking as immediately to excite the Attention of 
tjie pijpik who wei;^. engaged in diiiefting it;^ and JVlr* Cruik- 
^AN&ji as well asmyfelf, were very foon inforiped'of the fm- 
;gula?ity. \y? weyre miach furprizcd a? well Rspjeafed with 
the appeara^ice, and I b^gan ipjfrjjdi^tely to examine every 
partrof. the change \yith CQofijJcrabl.e ^tention: for this pur- 
pole, aCter defiriug a draw^ng^to be naade of the appearances 
;^ th^y were foufi^. ypoi^ opening jbe body, I next 'day iu- 
je^ed it» Tb^ ^PP!5i»^^ ^.^??f?^i9^^ have furiiifl^ed various 
vi§v?s, which, ajrp r^pf^efltcjd f^jthfully by drawii^gs, and 
which I hope will enable me to give a tolerably diftin^ ac- 
coD^ijt pf this lingular lufus naturae. 1 -(hall iK>t ^nter in my 
defcription 4nto unneceiTary minutiae : this would render the 
5 Papcf 
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Faper Ttls fuitcd to the Society ^ would hot convey moreilifbr- 
inatioa to pcrfbns thoroughly acquainted with anatoity, an(^ 
wotild father tend to obfcure what b nrore important to thofe 
who have not giveu fo rhuch attention to fubjeds of this na- 
ture. It may not be iniproper to obferve, that, befides the 
tranfpofidon in the vifcera of thi§ perfon, there arc federal 
peculiarities which fbmetimes occur. 1 have taken notice of 
them in my defcription, although thty are entirely indepen- 
dent of tlie tranfpofition.. 



Dcfcriptioftof the thorax^ 

The medlaftinum^ or antjinor dupllcaturc of the pleUra ffc»- 
parating the two cavities of the cheft from each other, was 
found to^ncline'obliqpely downwards to the right (fde fuUyt 
as much as it does commonly to the left- fide of the cheft. 
The pericardium too inclined obliquely to the right-fide. On 
prcfling it gently away from the lungs- the phrenic nerves came 
diftin&ly into view^ in their common (ittiation;. but the right 
phrenic nerve ran more obliquely, aiid was longer than the 
left; The lung upon the right*fide was divided by ^ iingle 
oblique fiflure into two lobes, having at the fame timea d«fi« 
ciency oppofite to the apex^of the heartland the lung* pn thr 
laft-fidewa&dividedinto three lobes, exaftly contrary to what 
is found in ordinary* cafesr 

On opening the pericardium the apex^of the heart was found 
to point to the right*fide nearly oppofite to the (ixth rib, and 
ks cavities as weU as large veflels were completely, tranfpofed. 
Whiat areconimonly Called this right auricle and ventricle were 
iituated on the leftrfide, and. the left auricle and ventricle on 

the 
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the.righti The pulmonary artery afcended towards the right- 
fide of the cheft- The aorta was alfo direding its arch to the 
rigl>t ; and the vena cava fuperior, as well as inferior, were 
feen opening into their auricle on the left-fide of the fpine* 
There ^yas nothing remarkable in the fize or general figure of 
the heart,. . ^ 

On the outfide of the pericardium the tranfpofition of the 
larger vefTels was very flrikipg. The longer fub-^cUvian vein 
was pafling from the left-fide obliquely to the right before the 
branches which are fentofF from the arch of the aorta. The 
left carotid and fub-claviaa arteries were found to arife from 
tbeareh of the aorta by Qne common trunk; the right carotid 
ajid/db^la^ian feparatelyj ; 

Jn the/.^laplicature of the pleura behind, or what may be 
called rtbe-pofterior mediaflinum, there was a change cor- 
rfffpQftdiiig. to what we have already , dcfcribed. The defceud- 
iiigaoc't^ wa^' found jwffing ontherriftht fide of the fpine. The 
cefophagus was before 1(9 .i^u:limng'aio]:^ and more to the right 
tdwaf ds St(> lower extremi|;y) and 4t at length perforated the 
diaj^ragna f<^mewh3t on the right^fide of th^ fpine*. The 
thoraoio duft was feen^in jbe middle between the defcending 
aorta and Che vena azygos in fome.j)laces forming 4 plexus of 
fnniall branches, in anothec ^dividing itfejf into two branches, 
which afterwards re-united in a comii^on trunk, and at length 
climbing up to terminatei.ui the anglerbetween the jugular and 
fub-clavian veins on the* right-fide of the body. The recur- 
rent 4verve of the parvagum .on the right-fide pafled round the 
beginning pf the defcending aorta, mid on the left .p?fled round 

* The vena azygos wai on th(f left-*fi2kdf the fpitie opening^ in 'the coromoa. 
way into the ' vena cava AiperioTi wfaich^ w^ iip^rniSBrij t|\ipfUif>iiq$i to bo alfo 
tranfpofed in its fituation. 

the 
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the common trunk of the carotid dnd fub-clavian artertefti The 

large intercoftal nerves being exaftly under the fame circum* 
fiances ou each fide, it was impoflible there could be any tranf- 
pofitton in them; It appears then, from the foregoing defcrip- 
tion, that every thing admitting of fuch a change was com* 
pletely tranfpofcd hi the thorax. 

Of the ^dtmtn. 

The liver was fituated in the left hyj^ochoiidriac region, thtf 
fmall lobe being towards the right, arid the great lobe in the 
left-fide. The ligametits uniting it to. the dlaphragth cor- 
refponded to this change, the right tranfverfe ligament being 
longer, artd the left Being (horter, than ufual. Tfae fufpeu* 
fory ligament could undergo little change, except being [)u(hed 
to the left^fide along with the liver. On prcfling upwards the 
liver, io as to exhibit its pofterior and under furface, the gall 
bladder was feen ort the left^fide jircierving its proper relatiV'e 
fituation to the great lobe of the liver^ and the vefTeis of the 
portae were found upon diflTeflion to be tranfpofed correfpond- 
ing to the chailge of circumftincea. The hepatic artery was 
found climbing up obliquely frdm the right towards the left^ 
before the lobulus fpigelii, and entered at the ports into the 
fubftance of the liver by two or three branches on the right of 
the other veOels. The ductus communis cholidochus was on 
the left of the other veflels, bbiog formed from the dudus 
hepaticusahd duQus cyflicus in the common way, and it pafled 
obliquely downwards ou the left, to terminate ia the duode- 
num. What was mdft remarkable, of which indeed I never faw 
oc heard of any inftance before, it terminated in the fore-part of 
the duodenum. The vena portariim pafled behind the hepatic 

Vol. UCXVm. B b b artery 
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artery anildufttis! cotitmunis ctolidochui, afcending obliquely 

towards the left- fide. 

The fpleen was fituated in the right hypochondriac region, 
adhering to the diaphragm in the xomnion way. What was 
very remarkable was, there being three fplcens, nearly of the 
fize of a pullet's egg, found adhering to the larger fpleen by 
fhort adhefions, befides two other ftill fmaller fpleens which 
were Involved in the epiploon at the great end of the ftomach. 
I never faw fo many fmall fpleeos in anyone fubjedk. The 
pancreas was found on the right-fide behind the ftomach, run- 
ning obliquely . from the fpleen to the curvature of the duo- 
deaurp, and had its duft entering in common with the duftus 
communis cholidochus into the cavity of that inteftine. The 
iplenic veiS^ls were paflGng along the upper edge of the pan- 
creas to the right- fide> corrcfponding to the change of fituatiou 
in the pancreas and fpleen. 

The ftomach was 'fituated on the Viglit*fide, partly hid by 
the fmall lobe of. the liver pafling to the left, and terminating 
in the pylorus,, rather on the left fide of the fpine. The duo- 
denum took a mofi: fifigular courfe ; it firfl: paffed to the right- 
fide, behind the fnjall eiid of the fl:omach; it then turned 
upon itfelf, towards the left-fide; it afterwards took its proper 
fvveep to the right-fide, pafling beliind the fuperior mcfenteric 
artery and mefaraica niajor vein. The mefentcry began to be 
formed on the right-fide, inftead of the leff, as in ordinary 
cafes. The ilium terminated in' the great inteftine bii the left- 
fide, and there was. in it a diverticdluih of cbnfiderable fize, a 
lufus not unfrequently occurring. The cicUrii'Was fituated on 
the left pfoas magnus and iliacus' interntiS' rtiiiftles. The 
tranfverfe qrch of the cplon paifled from* the left i(^ the right- 
2 •'• ' -fide 
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fide of xhe body, and the lig^oid. flexure crcfTed over the right 
plbaSy to get into the cavity of the pelvis. -. 

The kidnies had their vtflfels tranfpofed, as we (hall remark 
more particuUrly^fferwalrd^'; the ratal capfules had tiiidergohe 
no change, as Qo.varietycdtlld be produced by a traiifpdiltiqti» 

The aorta pafled between the crura of the diaphragm juto. 
the cavity of the abdomen, aiid adhered in. it6 course to the 
ipineoa the right-fide of the ^ vena isavja in^for. It8br«M[K:h:e8 
were ditefted in their courfe correfpondiqg to the peeuHar 
iituatioa.of the vifcera. Thj^-fpl^nfc and coronary arterites 
were paffing to the right-fide, and th? h^atic artery obliquely 
to the left... Thefuperior and inferioi: mcifeateck arteries 'wefe^ 
direfted to the right-fide. There was «>» change in t4f]ie:;fperr 
matic arteries; any tranfpofiition in the tefticles (if 'fueh' a 
thiog could take place) not being capable of af&f^ing thea)^ 
The lumbar arteries could alfq u.ndergo little change,, etcept 
that the left lumbar artqfies mu^ necefiarijiy, from the peculiar 
£tuation of the aorta, be the ;longef):. The r^pa cava infefior 
perforated the tendinous portion of the.diaphraghi, und ad« 
hered in its courfe to the fpine dh.the leftrfide^of the aorta; 

Th? vight emulgentvein was much longer than ufual, padfng 
frqm the right kidney before the aorta to terminate in theveoa 
cava fuperior ;^ and the left emulgent much fhorter, pading/rom. 
the left kidney to the vena cava, which was fituated on the left 
fide of the fpine. The right fpermatic vein was found to open 
into thb right emulgent, and the left into the vena cava infe- 
rior, about an inch under the .left emulgetit« The Vena por- 
tarum was cl>anged from its natural courfe, ^pafling obliquely 
upwards .to the left- fide, and its large branches, vh.^ the vena 
fplepica, mcfaraica major and mi^or, were ^11 dire^ed towards 
the right-fide of the fpine. 

B b b 2 There 



' There was n6 ch^i^ge inUhe iot^rooftd nefve Wkhin the 
cavity of the abdomen; nor d6e« it feem to be* capable of 
being afK;fted by any tranfpofitiofi of pa^ts. We fee then, 
. that there was a complete tranfpwfition <^f the abdominal vkC^ 
cera, each of them pteferving its proper relative 'fituatioH W 
the others'. * ' ' 

I examined the brahi, organs of ftnfe, of generation, Ae 
mufcles and blood veffcls of the extremities, 'but found nothit)g^ 
in them remarkable. Indeed, I had no expe^ation of it ; for 
3(11 thefe parts are perfeftly iiidepcftdent of fhort!cic or abdo«< 
mina4 vifcera; but I idtd it to fatisfy myfetf ai^tfefe<juriefky 
of others, who might wi(h to put fuch a ^ueftioti^ or ha^' 
fuch a <5fueftion arifing in their miinls. 

- The pferfon Ctems to haw iife*1iis rfgfit-hatod in ^Irference 
to his left, as, is oifually the cafe, \v4ikh was readily diieo* 
vehjd by the^greater bulk and hardrfcfs ^ *4iat-haftd, as wett 
as the greater flefiiiifiefs of thfe arm.^ It wias^^not to be -ex- 
pefted* he ftould b4 lefc-hafaded; but I nrienttOtt this circam* 
ftfance too, with a view to fatfeff a curiofity which 1 koow. 
has been excited in many who have heard of this lofuis^ ' 

I have been at' confiderable pains to learn ibmething of the 
hiftbry of this pcrfon during life; but the particular I have 
heard arte applicable only td the circumftances of ' cbmrboiv htoBf 
having no connexion with' (irigularlty of ftiuCfure, SYid'^erb* 
foi'ei I think, it would be abufing the time of the Society to* 
give any account -of them. One thing it may be light to 
mention is^ that the* perfdn, while alive, wa* *not'Confcibiis<>f 
any uricommdh iituation of his -heart; and that his brother, 
whbnfi 1 have fech, has his heart jjointing to the left* fide as in 
ordinary cafes. Indeed, there #as little reafoti to expeft that 
we ihpul^ mpjet with any thing particular in the account of ht$ 

7 life. 
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life. His health could not he afibded by fuch a change of 
fituation in his vifciera ; nor could there arife from it any pecu^" 
liar fymptoms of dtfeafe. Still Icsk ^ould there be any con- 
nexion between fucfaa chasvgt and his 4ifpo(itions, or externai 
adiona. He might have J^nown that his heart was diredled 
towards the right^iidei but if we confider liow little eveiy 
pehlbn^ efpecially thole of the lower; dafs, are attentive to 
circumftances not very palpable^ it was fcarcely to beexpeAed 
he fhbuld know of h.. If I hpd met with aqy thing in his life 
xubioh. was at ail referable to %h^ Angularity of ilrufture^.I 
ihould have been very glad to have gratified .the public curiofity/ 
by giving, on account of it*;. . . . , . .. . - ^ > 
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Every iingttlar phsoiomeoim in. animal ilrufbute is ^cy^lth^ 
Moiarking^ even if it (hould not lead immediately to 4n{7 ufert 
iVil jobfervation ;. but it beoohies more important if it ihoul^' 
tend to throw zvif light upon, the principles of natures in the. 
foctnation of animals* It U FMiunabl^ to thii^k, tha£ natore 
ihou^ld follow ibme general pbo 4u« her- operations^ There is* 
fome effect which'Ae has in view» and. (hj^.wi^l generally em^ 
ploy the faoM naeans^ to produee 4t« hifihtfirxtQimrex^f any 
animal^ her view is to fo^m fuch a combination <)f. parts as to < 
-refider the animal fitted for certain pvrp(v{cs# She .will com* 
nonly form the fame combiQai^an< where tho. fame purpofes ^ 
are to be ferved ; or, in other words; there will be the fame 
{Irudture in thofame fpecies of animals^ Tha iame effe£k. 
iiowever may be produced^ without a ftri& adherence to . the 
employment of the iame means, aa ]we find tQ be,. the cafe 

* Sioee tke aboTe bias has. oecurred, I Ha:yc feein in the > pofeSom ef Mr« , 
Fathe, Surgtoiiy a ftams at the full tiiz:e» with the Tifccra tranfpofed. In the 
Anatomical Colkaion of Chrift Church, in Oxford, there is a heart tranfpofed 
that had belonged, to a very fmall foetus ; but the fcetos itftif is bbt preiemcl. ^ 

in 
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ill all human mventions, aiid therefore there is 00 reafdii why 
nature ihould not fometimes deviate from her ordinary plans. 
Accordingly we find there is much, variety in animal firudure ; 
but this does not commonly tafFed the janimal fundions. 
Under this reftridioa the variety is fo great in, the appearances 
of every part of aa animal, .that it is almoft impoflible. to exa- 
mine any two animals of the fame ipecies .without remarkbg 
many differences. / 

In the bony compages of an animal we find little variety ia 
the extremities of bones where there ia the apparatus of ajointi 
becaufe a particular ihape is befl adapted to a particular kind or 
latitude of motion. In other parts of the bones, where a 
difference of features is not material, there is great variety, as 
in.the ^^ramioa, depredion^, ridgos, and futures of bones. 

, The fame general rule will apply. to variety in mufcles. The 
principal objeft is a certain infertion near a joint, fo as to give 
a. determined .direftion of amotion. With i^fpeft to fuchin- 
fertions, therie is, comparatively fpeaking; little variety; but 
there is a great difierence in the bodies. and-conuefUons of muf- 
cles, which have no (hare in the rogulatioa of the moticHi. 

Thjpre is no part of aa .animal where there, is a greater lati- 
tude of vpriety than in the diftribution of blood veflbls. The 
reafbapf it is very obyious. The only oh^^Qi m the diftribu- 
tion of bipod veffels is, to 1 carry blood to every part of the 
body and bring it back to tbe heart. * The parts of an uiimal, 
in prder.to be fupported, muft be vifited by fvcceflive changes 
of freih blood ; but it furely cannot be an object of impor- 
tance whether the blood pafi^cs by one rout or another. Hence 
the variety in blood veflbls is extremely great.. Still,- however, 
there is a method in the deviations of nature, fo that they 

may 
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may be marked or noted^ the. fame varieties occurring in dif- 
ferent animals. 

It cannot be at all important to the fundtion of a vifcus, 
whether it be in one mafs, or in feparate portions. The ftruc- 
ture being the fame, the fame aftion will take place. Hence 
we often find the two kidnies joined together, forming one 
mafs ; and not unfrequently two or three fpleens belides the 
common one. Neither can it be important, whether a vifcus 
ihould always be of the fame (hape, becaufe its fund:ions do 
not depend on ihape, but on ftruAiire : we find accordingly, 
in this particular, much variety. 

There are many of the vifcera which are connefted together 
in their fundions, or by the jundion of large blood- veffcls, 
in fuch a way as to require nearly the fame relative fituation 
among tbemfelves. This becomes alfo neceflkry in order to 
preferve the general (hape of the animal. Accordingly we 
fuid, that when any important vifcus is changed in its fitua^ 
tion, it affefts-the fituation of other vifcera, rtquiring in them. 
i fimilar change. We faw in the perfon who is the fubje£l 
of this Paper, that a change in the fituation of the heart and 
liver was accompanied with a change of fituatidn in the flo^ 
mach, fpleen, pancreas, and in (hort the whole abdcwninai 
vifcera. This, however, i* a great deviation iiv nature ; "for 
it is nothing lefs than changing almoft the whole vital fjftemu 
in an animal, and therefore it rarely happens; ^ 

In fuch a xhange it does not appear, that the fmi£!ions can 
be«^e6lefd> as they; depend on llru<!l:ure and fituation, whiclii 
are both prefer ved. * Hence the? perfon who is the-fubjeft of 
this- Paper arrived at the age of maturity, and might have: 
continued to live to an cxtretnc old age. 
: The 



The human machine might, have been confl:ru/9^ in thl* 
way generally, and under fuch circumftances .what is navf 
called the natural iituation of parts wauld have been as fnigu- 
lar as the J>refent phacnomenon. 

There appears to be Icfs variety in the nctvotjs fyftcm of 
animals of the fame fpecies than in moil parts of the body. 
There is fcarcely any difference in the appearance of the brain^ 
and much lefs in the diftribution of the nerves than of the 
blood-veflelsv 

There is alfb little variety in the organs of fenfe t perhaps 
the mechanifm in both thefe is nicer, fb that a coniiderable 
deviatbn would interfere with their peculiar fun^ions. 

The mod common great deviations which nature produces 
in the ilrudture of an animal are various kinds of monftrofity^ 
by which the animal becomes often unfit for continuing its 
exiflence. Why nature fliould in its greater deviations fall 
into a very imperfect formation, much below tb(s ftandard of 
her common work, does not appear vefy obviousi 

It feems that there might have been many varieties wh^re 
the fun&ions could have been preferved. Perhaps it is with a 
view to check the propagation of great varieties^ fo as to ptiD^ 
ierve an tihiformity in the fame fpecies c^ animals. 

It has been much agitated^ whether noonftrofities depehd oa 
the original formation, or are produced afterwards in the gra- 
dual evolution of aii animal. 

This does not appear to be a queftion of mUcb importance ; 
jQor perhaps can \i be abfolutely determined. But upon the 
whole it is more reafonable to think, that the fame plan of £>r« 
mation is contmued from the beginnbg, than that at any fttb^ 
fequent period thereis a^faange^b that4>kQ« 

it 
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It may be obferved, that it is exadtly the fame creative aftion 
which produces the natural ftru£lurei or any deviation from it $ 
for in cafes of deviation the a£tion is either carried too far, 
ceafes too loon, or is diverted into uncommon channels. This 
will explain the various kinds of monftrofity from reduudancyt 
deficiency , or tranfpontion of parts. 
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XXII. On the Georgian P/anet and its Satellites, 
By William Herfchel, LL,D. F. R. S. 

Read May 2a, 1788, 

IN a Paper,^ containing an account of the difcovery of two 
fatellites revolving round the Georgian planet, I have given 
the periodical times of thefe fatellites ih a general way, and 
added that their orbits made a con(iderable angle with the 
ecliptic. It is hardly neceffary to mention, that it requires a 
much longer feries of obfervations, to fettle the mean motions 
of fecondary planets with accuracy, than I can hitherto have 
had an opportunity of making ; but fince it will be fome fatif- 
faftion to aftronomers to be acquainted with feveral of the 
moft interefting particulars, as far as they can as yet be afcer- 
tained, I (hall communicate the refult of my pad obfervations ; 
and believe that, confidering the difficulty of meafuring ob- 
jefts which require the utmoft attention even to be at all per- 
ceived, the elements here delivered will be found to be full as 
accurate as we can at this time expe£l to have them fettled. 

The moft convenient way of determining the revolution of 
a fatellite round its primary planet, which is that of obferv- 
ing its eclipfes, cannot now be ufed with the Georgian fatel- 
lites, as will be (hewn when I come to give the po(ition of 
their orbits ; and as to taking their (ituations in many fuccef- 
five oppo(itions of the planet, which is likewife another very 
eligible method, that muft of courfc remaiato be done at pro- 
per 
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per opportunities. The only way then left, was to take the 
fituations of thefe fatelHtcs, in any place where I could afcer- 
tain them with fome degree of precifion, and to reduce them 
afterwards by computation to fuch other fituations as were 
required for my purpofe. 

In January, February, and March, 1787, the pofitions 
were determined by caufing the planet to pafs along a wire, and 
eftimating the angle a fatellite made with this wire, by a high 
magnifying power ; but then I could only ufe fuch of thefe fitua- 
tions where the fatellite happened to be either diredly in the pa- 
rallel of declination, or in the meridian of the planet ; or 
where, at leaft, it did not deviate above a few degrees from 
either of them ; as it would not have been fafe to truft to qiore 
diftaut eftimations. In OAober I had improved my apparatus 
fo far as to meafure the pofitions by the fame angular micro- 
meter with which I have formerly determined the relative po- 
fitions of double ftars *. 

In computing the periods of the fatellites I have contented 
myfelf with fynodical appearances, as the pofition of their 
orbits, at the time when the fituations were taken from v^hich 
thefe periods are deduced, was not fufHciently known to attempt 
a very accurate fidereal calculation. By fix combinations of 
pofitions at a diflance of 7, 8, and 9 months of time, it 
appears that the firfl: fatellite performs a fynodical revolution 
round its primary planet in 8 days 17 hours i minute and 
19,3 feconds. The period of the fecond fatellite deduced 
like wife from four fuch combinations, at the fame difiance of 
time, is 13* days 11 hours 5 minutes and 1,5 feconds. The 

* For a dcfcription of this inftrumcnt, fee Phil. Tranf.- Vol. LXXL 
jp. 500« and Vol. LXXV. p. 46. 

C c c 2 com- 
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combinations of which the above quantities are a mean do 
not difier much among themfelves ; it may therefore be ex«* 
pefted that thefe periods will come very near the truth ; and, 
indeed, I have for many months pad been ufed to calculate 
the places of the fatellites by them, and have hitherto always 
found them in the fituations where thefc computations gave 
me reafon to expeft to fee them. 

The epochae, from which aftronomers may calculate the po« 
fitions of thefe fatellites, are Oftober 19, 1 787; for the firft 
19 h. 11^ 28'^; and for the fecond 17 h. 22^ 40"^^ They 
were at thofe times 76* 43' north-following the planet; 
which, as will be (hewn in the fequel, is the place of the 
greateft elongation of the fecond fatellite; where, confe- 
quently, its real angular fituation is the fame as the apparent 
one. And I have brought the firft fatellite to the fame place, 
as hitherto there has not been time to difcriminate the fituation 
of its orbit from that of the fecond. 

The next thing to be determined in the elements of thefe 
fatellites is their diftance from the planet ; and as we kncnv 
that, when the periodical times are given, it is fufficient to 
have the diftance of one fatellite in order to find that of any 
other, I confined my attention to the difcovery of the diftance 
of the fecond* As fooii as I attempted meafures, it appeared, 
that the orbit of this fatellite was feemlngly elliptical; it be- 
came therefore neceiFary, in order to afcertain its greateft 
elongation, to repeat thefe meafures in all convenient fitua* 
tions; the refult of which was, that on the 18th of March, 
at 8 h. 2' 50% I found the fatellite at the diftance of 46^^46; 
this being the largeft of all the meafures I have had an opportu- 
nity of taking. Hence, by computation, it appears, that the 
7 fatellitc's 
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fatellite^s great^ft vifible elongation from its^ pl^ett a^ the ipean 
diftance of the Georgtum fidus from the earth, will be 44^^23. 

It ought to be mentioned, that in the reduftton of this mea- 
fure I have ufed Mayer's tables for the fun, and the tables 
publiflied in the Connoijfance des Temps of the year 1787, re- 
duced to the time of Greenwich, for the Georgian planet. 

Very poflibly this diftance might not be taken exactly at 
the time when the fatellite happened to be at the vertex of 
the tranfverfe axis of its apparently elliptical orbit; but,, from 
other meafurements, we have reafon to conclude^ that it could 
not be far from that point. For inftarure, the 9th of Novem- 
ber, at rfh. 56'' \^'\ by a mean of four good meafures, ihe 
fatellite was 44^^,89 from the planet ; which, by calculation, 
reduced to the fame diftance of the Georgian fidus from the 
earth as the former, gives 41^^,33. And likewife, the 19th 
of March, at 7h. 45' 59^^^, the diftance meafured 44^^24; 
which, computed as before, gives 42'^, 15* Now, we find, 
when the places are calculated in which the fatellite happened 
to be at the times when thefe two meafures were taken, that 
they fall on different fides of the former meafure, and alfo on 
oppofite parts of the fatellite*s orbit; but that neverthelefs 
they agree fufficiently well with the pofition of the tranfverfe 
axis which wc have adopted in the fequel. 

Admitting, therefore, at prefent,* that the fatellite moves in 
a circular orbit about its planet, we cannot be much out n\ 
taking the calculated quantity of 44"',23 for the true meafure 
of its diftance. And, having afcertained this point, we calca- 
late, by the law of Kepler, and the afligned period of the 
firft fatellite, that its diftance from the planet muft be 33^^09; 
I ought however to remark, that, in this computation, a true 
tidereal period (hould have been ufed ; but, as that cannot as 

yet 
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yet be had, the trifling maccuFL^y thence arifing may well be 
excufed, till, at fome future opportunity, we may be per- 
mitted to repeat thefe calculations in a more rigorous manner. 

As we are notv upon the fubjed of fuch parts of the theory 
of planets as may be determined by calculation, it will not be 
amifs to fee how the quantity of matter and denfity of our 
new planet will ftand, when compared with the tables that 
have been given of the fame in the other planets ; and iii 
order to this, let us admit the following data as a foundation 
for our computation. 

The parallax of the fun 8'^63. 

The parallax of the moon 57^ 1 1''^ 

Its fidereal revolution round the earth 27 d. 7 h. 43' ii^^6. 

The mean diftance of the Georgian planet from the fun 
19,0818. 

The mean diftance of its fecond fatellite from the planet 
44^23. 

The periodical time of this fatellite I3h. 11 d. 5^ i'"',5. 

Hence we find, that a fpeftator, removed to the mean dif- 
tance of the Georgian planet from the earth, would fee the 
radius of the moon's orbit under an angle of 27^'', 1866; and 
if I, ^, /, reprefent the quantity of matter in the earth, the 
diftance of the moon, and its periodical time; M, D, T, be 
made to ft:and for the fame things in our new planet and 
its fecond fatellite, we obtain, by known principles, M- 

-5-|. And, confequently, the quantity of matter in the 

Georgian planet is to that contained in the earth as 17,740612 
to I. 

In order to caculate the denfity, I compare the mean of the 

four bright meafures of the planet^s diameter 3/^7975 to the 

2 mean 
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mean of the two dark ones 4^^*295 ; as they are given in mv 
Paper on the diameter and magnitude of the Georgium fidus, 
printed in Volume LXXIII. of the Philolbphical Tranfadions, 
p. 9. II, 12, I J. Whence we obtain another mean diameter 
4^^,04625 ; which is probably the moft accurate of any that we 
have hitherto afcertained. Aud let us fuppofe this meafure to be- 
long to the iituations of the earth and of the new planet as 
they were at 10 o'clock, the 25th of October, 1782 ; which is 
about the middle of the feveral times when thofe meafures 
from which this is deduced were taken. Then, by the tables 
already referred to, we compute the diftance of the two pla^ 
nets from the fun and the angle of commutation ; whence, by 
trigonometry, we find the diftance of our new planet from 
the earth for the fuppofed 25th of Odober ; and thence deduce 
its mean diameter, which is 3''^90554. This, when brought 
to what it would appear if it were feen froni the fun at the* 
earth's mean diftance, gives 1^14^^,5246; which, compared 
with 17^^26, the earth's njean diameter, is as 4,31769 to i. 
The Georgium fidus, therefore, in bulk, is 80,49256 times as^ 
large as the earth ; and confequently its denfity lefs than that 
of the latter in the ratio of ,220401 to i. 

To thcfe particulars, though many of them may be of no 
other ufe than merely to fatisfy our curiofity, we may alfo add^, 
that the force of gravity, on this planet's furface, is fuch as 
will caufe an heavy body to fall through 18,67308 feet in one 
fecond of time. 

It remains now only, in order to complete our general idea 
of the Georgian planet, to inveftigate the fituation of the orbits 
of its fatellites. I have before remarked, that when I came to 
examine the diftance of the fecond, I perceived immediately 
that its orbit appeared coniiderably elliptical. This induced 

me 
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roe to attempt as many meafures as poflible, that I might be 
enabled to come at the proportion of the axes of the apparent 
ellipiis ; and thence argue its fituation. But here I met with 
difficulties that were indeed almoft infurmountable. The un- 
common faintnefs of the fatellites ; tlie fmallnefs of the angles 
to be meafured with micrometers which required light enough 
to fee th6 wires ; the unwieldy fize of the inftrument, which, 
though very manageable, dill demanded adiftant hands for its 
movements, and confequently took away a great (hare of my 
own diredling power, a thing fo neceffary in delicate 6b(erva- 
tions; the high magnifiers I was obliged to ufe by way of ren- 
dering the fpaces and angles to be meafured more confpicuous ; 
in (hort, every circumftance feemed to confpire to make the 
cafe a defperate one. Add to this, that no meafure could pof- 
fibly fucceed which had not the moft beautiful (ky in its fa- 
vour ; and we may eafily judge how fcarce the opportunities of 
taking fuch meafures muft be in the variable climate of this 
ifland. As far then as a fmall iiumber of feleft meafures will 
permit, which, out of about twenty-one that were taken, 
amounts only to five, I (hall entfer into our prefent fubjeft of 
the pofition of the fecond fatellite's orbit. 

The following table contains in the firft column the correal 
mean time when the meafures were taken. The fecond gives 
the quantity of thefe meafures. In the third column are the j 
fame meafures reduced to the mean diftance of the Georgian I 
planet from the earth. The fourth contains the calculated 
pofitions of the fatellite as it would have appeared to be fitua- 
ted if it had moved in a circular orbit at reftangles to the vifual 
ray ; and the degrees are numbered from the firft ob(ervation 
fuppofed to have been at zero, and arc carried round the circle 
from right to left. 

March 



L, 
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March i8 8 2 50 


46,46 


44,23 


' / 



19 7 47 59 


44,24 


42,15 


26 28 


20 7 44 8 
April II 9 18 27 
Nov. 9 15 56 15 


40,23 

35*3^ 
44,89 


38*37 
34,35 
42,88 


53 8 
283 13 

^99 59 



In the ufe of this table I (hall partly content myfelf with 
the conftruftion of a figure, and only apply calculation to the 
moft material circumftances. By the third column we fee 
that 44^%23 is the greateft, and 34'%3 5 the leaft, diftance of the 
fatellite. Let therefore an ellipfis be drawn Tab. V. fig. i. 
having the tranfverfe and conjugate diameters cp and cv^ in 
the proportion of the above-mentioned meafures. About the 
center c, with the radius cp^ defcribe the circle PSFN ; and 
fet off the points March 18, 19, 20. April ii. and Nov. 9, 
according to the tabular order of degrees, beginning at /, the 
fuppofed zero. From thefe points to the tranfverfe draw the 
ordinates March 19 x, 20/, April 11 at, Nov. 9 jr. Then, if the 
fatellite moved in a circular orbit at reftangles to the vifual 
ray, we fliould have feen it at the time given in the table, as 
the points are placed in the circumference of our circle ; but, 
fuppofing the plane of the orbit inclined to the vifual ray, 
thefc points will be projedled in the direftion of the ordinates ; 
and, falling on the places pnmroj will form the ellipfis we 
have delineated. Now, on comparing the tabular meafures of 
the third column with the diftances of pnmr and from the 
center c, we find, that they agree full as well as wd could 
exptSt ; and thus, as far as a few obfervations can do, thefe 
meafures eftablifli the truth of the above hypothefis. 

Vol. LXXVIII. D d d That 
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That we may have a point in our ellipiis from wluch to 
depart, I (hall h^ve recourfe to two mcafures of pofitions. The 
lirft was taken Oiflober i4d. i6 h. zS^ 42^% when the fatcllite 
was 66° 3^ fouth- following the planet. In fig. 2. let qmv be 
a portion of an ellipfis, conftrufted on the femi-tranfverfe cq^ 
and fcmi-conjugate w, taken as 44,23 to 34,35; yMF an arch 
of a circle, defcribed with the radius cq abt)ut the ceuter c ; 
m the fituation of the fatellite in its elliptical orbit, the 14th 
of Oftober ; A its apparent, and M its real place in the cir- 
cle ; Fc the parallel of the planet. Then we (hall have, bjr 
calculating from the known period, the arch qM 45° iy^ ; ancj 
FA, by obfervation, 66° 3^. But from the nature of the ellip- 
iis, as Vr is to vc fo is M/i (the tangent of the angle qcM to 
the radius en) to mn (the tangent of the angle qch to the fame 
radius). Hence qch is found 38^7''} and therefore Ac\f 
'fio^ That Is, when the angle of pofition was taken, the 
fatellite appeared to be *f 10' lefs advanced in its orbit than 
k (hould have done, owing to its motion in an orbit who(p 
plane is inclined to the vifual ray. The meafure therefore 
correfted, or rather reduced to the circle, infteadof 66** 3', 
will -be 58"* ^^^ fouth-following ; to which, adding the calcu- 
lated arch ^A, and from the fum dedudiqg ^o^, we have the 
pofition ycS with the meridian 14^ 10' on the fouth* preceding 
fide. In the fame manner I proceed with the fecond meafure 
taken October 20 d. 16 h. Y 34""^ ; when the fatellite appeared 
to be 82'' iz^ north-preceding the planet* Here the arch ^M 
is 25^ 21', AcM 5'' 9^ ; and the meafure corre£fced 77** 3' north- 
preceding, which gives the inclination of the axis to the me- 
lidian 12^ 24^ on the north- following fide. I have no 
reafbn to prefer either of the meafures, and therefore take 
a mean of both, which is 13'' if from ibuch-precedin^ to 
i nMth- 
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liorth-following the meridian^ as probably neareft the truth t 
add this pofition of the axis we may fuppofe to belong to a 
time which is about the mean of thofe from which it has been 
deduced ; or Odober, 17 d. 16 h. 

We are, in the next place, to find the angle which the 
plane of the meridian made at that time with the plane of 
the orbit of the Georgian planet. To this end we calculate its 
longitude and latitude for the given time. Then, in fig. 3. 
where q N£ is part of the folflitial colure, nc a portion of 
the orbit, and o j of the ecliptic ; there is given the arch N£| 
23® %V ; Er, 89** 2f 49'%2 the complement of the planet'S 
latitude; and the angle e £/, tf" & $t^\2^ or planet's dif* 
tance from Cancer. By thefe we find the angle EcN between 
the circle of latitude Nr and the meridian E^r 11^ 11^ 4I^^ 
Now, let c, in fig. 4. be the place of the Georgian planet, 
and Gar a part of its orbit % eat part of the ecliptic ; Nr the 
meridian ; a the place of the planet's afcending node ; pcf 
the pofition of the axis of the apparently elliptical orbit of the 
fecond fatellite ; EcN the angle of portion of the Georgium 
fidus. Then, by calculation, for the above-mentioned day vro 
have ar, the planet's diflance from the node on its orbit 44^ 8^ 
17''; cQi the inclination of its orbit to the ecliptic 46' 13''; 
and &SC z right-angle; whence Era 9<^^ 33' ^o^^i the fup» 
plement of the angle sc^ is found; from which, taking the 
angle of pofition NrE, before obtained, we have the remaining 
angle, NKJ, 79** 21^ 29^% i; or inclination of the planet's 
orbit to the plane of the meridian, which was required. 

From the proportion of the tranfverfe cp^ fig. i. tothecon« 
jugate n;, we calculate the angle vpc^ which may be either 
acute or obtufe. For here I muft take notice, that obfervations 
cannot immediately determine whether the fatellite, in pafHng 
from/) through nmv to q^ be in the farthefl or neareft part of 

D d d 2 its 
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its orbit ; as we (hall prefently (hew that this orbit is not in a 
(ituation to permit the fatellite to fufier either eclipfes oroccuU 
tations for fome time to come. The angle vpc^ therefore, if 
the arch pvg be turned towards us will be 129^ 2^ 46'%5 ; but, 
if direded the contrary way, 50® 57' ^S^^fS* There is one cir- 
cumflance which will bring on a difcovery of this particular, 
without waiting for eclipfes ; for if the apparent ellipfis of the 
fatellite^s orbit (hould coutraA in a year or two, we may con- 
clude this arch to lie towards the fun ; if, on the contrary, it 
opens, we (hall know that, the fatellite has palled through one 
of its nodes about eight or nine years ago ; and that, therefore, 
we mud not expert to fee it eclipfed for more thaix thirty 
years to come. 

Now, having already determined the pofition of the axis 
pc with refpedl to the meridian, by adding the angles Ncp and 
NcG, fig. 4. we obtain pcn^ 92° 38'' 29^'',! ; and having al(b 
now calculated the ambiguous angle npc^ we may refolve the 
quadrantal triangle pcn^ in which the angle cnp gives the in- 
clination of the orbit of the fatellite to the orbit of its planet, 
which will be 99° 39' 48^^,9, if the fatellite be approaching 
to its afcending node; but 80° 20^ II'^^^ if it be lately ,paft 
the defcending one. 

In the fame triangle we find the fide f2C^ which is either 
50'' 59' o^^8 or 1 29"^ V 59''^2 ; and taking thefe quantities, in^ 
creafed by fix figns, from the longitude of the planet in its 
orbit, gives the place of the fatellite's afcending node upon the 
orbit of the planet, either 8 s. 6"" 2^ ©^',3, if the preceding 
arph of the orbit pmn^ be concave towards the fun; or 
5 s. 18° o^ I ",9, if it be convex. 

Thefe elements obtained, we reduce them to the ecliptic by 

refolving the triangle anm^ in which we have ws», 46' i^^^i 

4 na 
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na the diftance of the afcending node of the fatelllte from the 
dcfcending node of the planet 6^ 50^ 43^\8 or 84° 5a' 42''', i ; 
and Q nm^ the inclination of the fatcUite's orbit to that of its 
planet 99^ 39^ 49^'»9 anfwering to the former, or 80^ 10' n^',i 
to the latter. In confequencc of this refolution, we have the 
place of the afcending node of the fatellite upon the ecliptic, 

18^* *6 2 2 ?! • ^^^ ^^^ inclination to the fame. 

{Vi ^6 ^4 'fl* ^^^ ^^^^^ ^^^^ fituated fo, that when the 
planet will be in the afcending node of this fatellite, which 
will happen about the year | jg^g |» the northern half of it 

will be turned towards the I w a \ at the time of its meridian 

paffage. 

In juflice to the foregoing calculations I (hould add, that the 
refult of them muft be confiderably afFeded by any fmall alte* 
ration in the meafures upon which they are founded ; the gene- 
ral theory, however, will certainly ftand good, and a greater 
perfection in particulars could not have been obtained, unlefs I 
had waited fome years, at lead, in order to multiply good ob* 
fervations. But with objects that are out of the reach of com- 
mon telefcopes, and which therefore cannot be much attended 
to, even by our mod afliduous aftronomers, a general theory 
will perhaps nearly anfwer all the ends that may be required 
of it. 

The meafures of the diftances were taken by a good parallel- 
wire micrometer, contrived fo that one of the wires, which is 
moveable, can pafs over the other ; by which means central 
meafures may be obtained with more accuracy than by allowing 

for 
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for the thicknefs of the wires, the afcertaining of whkh i9 
liable to fome difficulties in other conftruAiotis ; but her«^ as 
we can note the dividons on the firft appearance of light at 
either fide of the fixed wire, when the moveable one paflei 
over it backwards and forwards, we may very conveniently 
determine that part of the fcale to which the zero- ought to 
anfwer in central meafures. The value of the fcale was afcer- 
tained by the tranfit of ftars over the two wires opened to a 
certain number of divifions, and a chrohometer beating five 
times in two feconds of mean time ; and in a number of feve- 
ral fets of experiments, the mean of each feldom differed fo 
much as the 50odth part of a fecond of fpace for each divifion, 
and thefe are large enough to be fub-divided and read off, with 
good exadnefs to tenths ; and yet the fpace anfwering to each 
part amounts only to 282 millefimals of a fecond. The mea« 
fures of the difbuices alfb were as often repeated as the oppor- 
tunities would permit, and a mean of them has been ufed. 
* The light of the £itellites of the Georgiaa planet is, ac 
we may wellexped, on account of their great diftance, uncom* 
monly faint. The fecond b the brighteft of the two, but the 
difierence is not confiderable ; befides, we muft allow for "tibe 
effed of the light of the planet, which is pretty ftroag within 
the fmall diftances at which they are revolving. I have feen 
foiall fixed ftars, as near the planets as the fatellites, and with 
no greater light, which, on removal of the planet, fliOnewith 
a confiderable luflre, fuch as I bad by no means expe^ed of 
them. A fatellite of Jupiter, removed to the diftance of the 
Georgian planet, would (hine with lefs than the 180th part of 
Its prefent light; and may we not conclude, that oUr new 
fatellites would be of a very confiderable brightnefs if they 
were brought fo near as the orbit of Jupiter^ and thus appeared 

180 
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180 times brighter than at prefent ? Nay, this is only when 
we take both the planets at their mean ^iftance ; for, in their 
pppofitions^ a fatellite brought from the fuperipr planet to the 
orbit of the inferior one^ would refle£i: nearly 250 times the 
former light ; from all which it is evident, that the Georgiafx 
fateilites muft be of a confiderable magnitude. 

If we draw together the refults of the foregoing calculations 
into a fmall compafs, they will (land as follows : 

The firft fatellite revolves round the Georgian j^net in 8 
> days 17 hours i minute and 19 feconds* 

Its diftance is 23^^^ 

And on the 19th of Oftober, 1787, at I9h. xi^ a8'% its> 
pofition was 76^ 43' north-following the planet. 

The fecond fatellite revolves round its primaiy. planet in 13' 
days II hours 5 minutes and 1,5 ieconds^ 

Its greateft diftance is 44'''', 23, 

And on the 19th of Odtober, 1787, its pofitiga ^ 17 h. 
22' 40'^ was 76® 43' north.-folL9wing liie fiw^U 

Laft year its leaft diftance was 34^^351 bu( the orhit is fo 

inclined, that Jthis ;neafure will change very confiderably in a 

few years, and by that alteration wd (hall know which of the 

' double quantities put down for the inclination and node of its 

orbit ace to be ufed. 

The orbit of the fecond fatellite is inclmed to the ecliptic 

I81 6 4,4 r 

T^ /. J. J • • f 18 decrees of Virgo^ T 

Its afcendmgnode »in I ^ ^^^^^ ^^ Sa^ttarius ]' 

When tho plaaet paflies the meridian, being in the node of 
diis fatellite, the northern part of its orbit will be turned 

towards the {jv^gft}; 

The 
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The (ituation of the orbk of the firft fateliite does not feem 
to difFer materially from that of the fecond. 

We (hall have eclipfes of thefe fatellitcs about the year 

I ^881' ^^^^ they will appear to afcend through the Ihadow 

of the planet almoft in a perpendicular direAion to the ecliptic. 

The fatellites of the Georgian planet are probably not lefs 
than thofe of Jupiter. 

The diameter of the new planet is 34217 miles. 

The fame diameter feen from the earth, at its piean diftance^ 

From the fun, at the mean diftance of the earth, 
i' 14^^5246. 

Compared to that of the earth as 4,31769 to i. 

This planet in bulk is 80,49256 times as large as the earth. 

Its denfity as ,220401 to i. 

Its quantity of matter 17,740612 to i. 

And heavy bodies fidl on its furface 18 feet 8 inches in one 
fecond of time. 

W. HERSCHEL. 

Slougb, March i, 1788. 
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XXIII. Experitmnts oh the Formation of Volatile Alkali^ and on 
the Affinities of the Phlogifticated and light InfiammabU Airs^ 
By William Auftin, M. D. FeUow of the Colkge of Phyfir 
dans ; communicated by Charles Blagden, M^ D. Sec. R. S. 
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IN the former part of the year 1787, I undertook to exa- 
mine the elaflic fluid produced upon decompodng volatile 
alkali by the electric ftroke, as firft fuggefted by Dr. Pri£st- 
LEY. Some alkaline air being thus decompofed, and all its 
inflammable part feparated by combuflion in glafs veflels in-* 
verted in quickfllver^ J obferved a confiderable remainder of 
phlogiflicated air ; and after many accurate experiments was 
fully convinced, that this phlogiilicated Vir had made a part in 
the conftitution of the alkali. This difcovery induced me to 
make a variety of iynthetical experiments on the phlogifticated 
aod light inflammable airs, with the hopes of forming volatile 
alkali from its fimple elements. In this undertaking I alfo de^ 
rived much afliftance from the ingenious labours of Du 
Priestley; who, in thecourfe of his experiments, had beea 
repeatedly ftruck with the fmell of volatile alkali from fub- 
ilances not fuppofed to contain it, and had pointed out fome 
important phaenomena attending its productions But having 
fkCquired a more perfect knowledge of its conflituent, parts^ I 
w«5 enabled to produce volatile alkali in a more iimplc nianner^ 
and more de^ondrative of its elements, than he had done. , 
. : Vol. LXXVIIl. E e e I was 
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I was not apprifcd, when 1 hrd thefe experinients in hand, 
that the firftcbjeft of my inquiry, the decompofition of volatile 
alkalt» 'cind analyds of its parts, bad been fuccefsfully treated 
by thecefebratedM.BERT^oLLET; and tlrat hisobiervations had 
arpp^'ared iri Sozier's Journal fome months before. To him 
therefore I give up that part of the fubjeft ; and (hall confine 
myfelf in the following obfervations to fbme experiments on 
the formation of volatile alkali, and on the affinities of the 
phlogidtcated and light inflammable airs, which have not, I 
believe, been hitherto taken notice of. 

Firft, I endeavoured to combine the phlogiflicated and light 
inflammable airs, by mixing them together in various propor- 
tions in their elaftic ftate, and adding to them fuch fubftances as 
I thought likely to promote their uniting and forming an alkali. 
With this view, I threw up to the mixture of thefe airs, ma- 
rine acid air, the ixiarine and vitriolic acids, to which I alfb joined 
alkaline air. I tried the efieft of cold upon thefe mixtures, 
by applying to the tubes containing them cloths molftened 
with ether. I even paffed the eleftric fpark repeatedly through 
them, though with little probability of fuccefs. LafUy, I 
decompofed alkaline air, and tried to reunite the identical parts 
which formed it by fimilar additions ; but I could not perceive, 
that in any inflance volatile alkali was produced from its two 
conftituent parts mixed together in their fimple aeriform flate. 

Yet it is well known, that thefe two bodies unite very rea- 
dily, when they are not in an elaftic ftate. An unexpcfied 
appearance of volatile alkali had been obferved by Dr. Priest- 
ley and Mr. Kir wan before we were acquainted with its 
conftitution, and by M. Haussman fince this difcovery of 
M. Berthollet- An experiment was exhibited before (eve- 
ral Gentlemen at Sir Joseph Banks^s Houfe, fome years ago, 

in 
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xfi which the quantity of volatile: alkialL pv(»iduced. x^^t^JUjf^.ls^^ 
markable. la this experiment a.^few .ojiHi€^$r «rf pavv4erp<ii J^- 
are moiftened with fome moderate};^ ilroug: nitiTQUS ,dCfd|.f«nd; 
after they have ftood together a mmitte or . two^ ftbou> U^l/fta^Vf 
ounce of fixed alkali is mixed- with »thtm. ; A /y«>y. pwgPttt- 
fmell of volatile alkali is immediately peireetvtxi. : The ex^perir: 
jtient fucceeds equally^ if limc:be ufed iuflead of. fix(;d ^kikjili^r 
Any pcrfon, whoraoifteiis a drachm or. twQ of-fiUogs. of zijiQi 
with a folutioti of cupreous nitrcr and, after .th^y brg^n to aft. 
on each other, adds, to them a little. fait ojf tart;arr will ^nd^ 
volatile alkali t6 be produced Nitrous acid,, or. ct^prequs nitre, 
mixed with iron filings, fulphur,- and a little water^ and kcpj: 
in a clofe veiSbLfor fome hoiars»; yiohia a fnacU of vfylgtil]^ 
alkali-; and* if a*:piccB of paj)cr, ftaine4 with' 4 vegetable. bls4. 
fubftance, be thrown into the veflel, it wiU^ in a.ihort tinjp,,!;;^. 
turned to a green colour. la each of thefe i?)q)cciment3.the ni-. 
trous acid and the water ^re decompofed* Dephlogifticated. air 
from each of them combines with the metal,, and their other con- 
ftituent parts, the phlogifticated air of the acid, and inflamr. 
mable air of the water, being difengaged at the fame inftant» 
unite and form volatile alkali... Many other (imilar experi^ 
meuts might be mentioned j but thefe are abundantly fuffi- 
cient to prove, that if phlogifticated and light inflammable air 
be prefented to each other at the inftant of their feparation from 
fblid or liquid fubftances, and before their particles have re- 
ceded from each other, they readily combine and generate vola- 
tile alkali* 

That thefe two fubftances do not combine in their elaftlc 
ftate, feems to be owing principally to the inflammable 
air; When thefe two airs combine, it feems neceflary that 
they part with a certain quantity of that fire to which they 
owe their elafticity ; and that, unlefs their attraction to each 

E e e 2 other 
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other exceed their attradion to ^re, they will not vnice. Etea 
wiien they are eombinedin the form of volatile alkali, if heat 
be* appKed, they immediately recede from each other, and the 
alkali is decompofed. Wheathey are not in an aeriform fhte 
their attraAion to each other is greater, on account of the 
pmximity of their parts ; it is then fuperior to their attraction 
to £re, and therefore they combine; but when their particles 
have receded from each other, as in the aeriform ftate, their 
attradion to each other is^ fo dimini(bed by the diftance of 
their parts^ that their attradbn to fire, which is unifinrm, 
prevails, and keeps them in a feparate ftate. The fpecific gra- 
vity of inflammablciair being eleven times leis than thatof phlo 
gUlicated air, the diftance of its particles muft. be greater than 
the diilance of the particles of phlogifticated air in the propor- 
tion of v^i I to f, if the elementary particles of the two airs 
be of equal magnitude ; and its efieft, on this account, in 
diminlfliing attratflion muft be greater than that of phlogifti- 
cated air, in the proportion of, or more probably as thefquares 
of, thofe numbers. 

Whether it be admitted, that fire thus combines with other 
fabftances, and is feparated from them by their mutual attrac- 
tions, according to the general- law, is not further material to 
the prefent enquiry, than as it accounts for a circumftance 
which feems to be eftabliflied by the following experiments ; 
namely, that the combination of the phlogifticated and inflam- 
mable airs, and the formation of volatile alkali, depends 
chiefly, if not altogether, on the approximation of the parts 
of inflammable air, when phlogifticated air is prefented to 
them. 

Into a cylindrical glafs tube, filled withj and inverted In, 
quickfilver; I introduced fome phlogifticated air, and after- 
wards fome iron filings moiftened with diftilled water. By 

this 
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this arrangement light infl^aamable air, which is given out 
from water in conta£l with iron filings, meeting with phlo** 
gifticated air at the inftant of its extrication, combines with it^ 
and forms volatile alkali. In order to deted the minute quan^ 
titles of volatile alkali, which were thus generated, I fixed to 
the iniide of the glafs tube a fmall piece of paper, fbiined' 
with the rind of the blue raddi(b* The vegetable blue was 
in twenty-four hours changed to a green colour. As an addi- 
tional proof of the produdion of volatile alkali, I kept in the 
fame tube fbme paper, which had been dipped in a fblution of 
cupreous nitre, expe£king to fee its colour converted from- 
green to blue, by the alkali which was to be produced. Tho 
green paper became gradually paler^ and in a few days the. 
blue colour appeared. This experiment affords a very 
&tisfa£tory demonftration of the formation of volatile alkali.. 
Water and iron filings mixed together yield inflammable air; 
but if this be given out in contact with phloglAicated air, vola* 
tile alkali is produced. In thefe circumfbuices a double attrac- 
tion takes place : one part of the water is attracted by the iron ; 
the other is attracted by the phlogifticated air ; and the water 
feems by thefe compound affinities to be much more rapidly 
depompofedj than when iron and water are mixed by themfelve^. 
, Volatile alkali is formed in a very few hours, if nitrous air 
be ufed inftead of the phlogiAicated, all other circumflances xt-i 
mainmg as in the former experiment. When 1 have made ufe 
of nitrous air not well freed from its acid, by which the vege- 
table blue colour has been turned red, a fufficient quantity of 
alkali has been generated in twenty-four hours to change it to 
a green. If iron filings and water be expofed to nitrous air 
for a confiderable time, the nitrous air is fo altered that a can- 
dle burns in it with increafed brightncfs, as was obfervcd by 

Dr. 
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'flr. Priestley. This change is accounted for by the for- 
mation of the alkali, which depriving the nitrous'airof its phlo- 
gifticated part leaves a greater proportion of dephlogifticated 
air. 

This experin^ent alfo fucceeds in atHntofpheric air, though a 
longer time is neceflary to produce a fenfible alteration in the 
colours employed as tefts of the alkali; but the change is very 
evident in a day or two. Hence wc'may coircltidt, thiit \then- 
ever iron rufts in contaft with water in the open air, or in the 
earth, volatile alkali is formed. -Plrlogifticated air is prefent 
in all parts of the ^terraqueous globe, and ieperations are con- 
ftantly going on, by which inflammable air is feparated from 
Water, and perhaps from other bodies. Thus we may account 
for the frequent appearance of volatile alkali in the earth, par- 
ticularly where inflammable matters abound, among coals and 
volcanic produdiiotis, as alfo in animal and vegetable fubftanccs. 
' • 'When iron, water, and fulphur a£t upon each other in 
atmofpheric air, volatile alkali is produced. The cudionKter 
recommended by Scheele is, for this reafon, incorrect. Some 
phlogifticaled air difappears, and volatile alkali is formed. 
This method therefore feems to have mifled that great che- 
mift in his analyfis of the atmofphere, and induced him to 
fuppofe, that the quantity of phlogifticated air in the atmo- 
fphere is only 2f times that of dephlogifticated air. 

There is a combination of light inflammable air with ful- 
phur forming hepatic air. It has been obferved by the cele- 
brated Mn KiRWAN, that if nitrous air be mixed with he- 
patic air volatile alkali will be formed. I have often repeated this 
experiment, and marked the formation of the volatile alkali by 
the change of the v^etable blue to a green colour. In hepatic 

air 
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air the parts of inflammable air arc brought nearer tp each 
other than they are in their fimple aeriform ftate*, and thercr 
fore the phlogifticated air of the nitrous air combines with 
them, and generates volatile alkali. 

From all thefe experimenla it follows, that whether phlo- 
gifticated air be in a ftate of purity, or mixed with dephlo- 
gifticated air, as in the atmofphere, or combined with it as in 
nitrous air, it will in either cafe unite wit.h the gravitating mat- 
ter of light hiflammable air, provided this fubftance be pre- 
fented to it in a ftate of condenfation ; but if the circum- 
ftanccs be reverfed, the fame combination does not take place. 
No union is formed between inflammable air and thephlogiftl- 
cated part of nitrous air, even though marine acid be added, 
which, by its attraftion to dephlogifticated air, would corUri- 
bute to decompofe the . nitrous air, and by its attraftion to 
volatile alkali would tend to unite its conftituent parts : or if 
to light inflammable air we. add nitrous air and iron filings, 
no combination enfues; though it has been often obferved^ 
that volatile alkali is readily generated, when nitrous air is 
prefented to the inflammable at the inftant of its extrication 
from water and iron. 

The proportions of the phlogifticated and inflammable airs in 
volatile alkali, as difcovered by calculation, approach very near 

♦ Since thcfc cxpenmenfs were made, 1 hare found that this is not the cafe. 
The ele^ric fpark decompofes hepatic air, and leaves a quantity of inflammable 
air equal in bulk to the hepatic air very nearly. However, as the inflammfible 
air leaves the fufphur upon the application of the eledHcikLfpark, it Ihould feem, 
that the proper matter of infla^nsnable air is more difpofed to combine with fire 
than with fulphur; which may be the reafon why hepatic air is decompcfed by 
nitrous air, while pure inflammable air is not affe^ed by it. 

7 to 
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to the refult of M, Berthollet's experiments. If we take 
the fpecific gravities of thefe airs, given in Mn Kirwan's 
late publication, 

ICO cubic inches contain i8,i6 grains of alkaline air. 

—— ■ ■■ — 30,535 — of phlogifticatcd air. 

■ ■■ ■ ■ ^,613 — of inflammable air. 

According to M. Berthollet alkaline air is expanded upon 
decompoiitiom from 1,7 to 3,3. Its fpecific gravity after de* 
compofition muft therefore be lefiened in the fame prc^rtion ; 
and 100 cubic inches will be found to contain only 9,355 
grains of alkaline air thus expanded. In what proportion muft 
the phlogifticated and inflammable airs be, in order to form a 
mixture of this fpecific gravity ? 

Let X reprefeut the number of grains of phlogiiKcated air 
in 100 cubic inches of the mixture: then 9*355 -A? will cx- 
i^refs the number of grains of inflammable air« As the weight 
of one cubic inch is to a cubic inch, fo will the weight of 
either air iu the mixture be to the cubic inches of that air in 

the mixture ; and therefore ^5!l35 jj^^ weight of a cubic inch 

100 ° 

of phlogifticated air, or which is the fanae, >3053J ftiall be 

to I, as X is to -— — which muft ibe the number of cubic 

•3053s 

inches of phlogifticated air in 106 cubic inches of the mixture ; 
and the weight of a cubic inch of inflammable air, that is, 

2^-i^, or ,02613 : I :: 9, 355 -at : ^'^^^''f the cubic inches 
100 •^ ^' '^'^'^ |Oa6i3 

of inflammable air iu 100 cubic imil^s of the mixture. Thus 

we have an expreflion for the 'Cubi6 inches of -each air; thefe 

two quantities taken together are equal to 100 cubic inches by 

fuppofition. We have then, 

•3^535 
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a,856549^5->305^5^ _^P „-. 
*^ ,026ii -^30,535, 

^02613*+ 2,85654925 -,30535^ = , 79787955 ;• 
,279212 X = 2,05866970 

^=*7»373 the number of graifis of 
f)h}ogi{Hcated air in 100 cubic inches, or in 9,355 g>'^ins of 
the mixture ; and 9,355 - 7>373 3 1,982, the grains of inflam* 
xnable air. 

Now 7,373 : 1,9^2 :: 121 : 32 ; the quantity of plilogifti- 
cated aSr is to that of inflammable, as 1 21 to 3*2. 

According to M. Berthollet's experiments, the quantit/' 
of pblcgifticated is to that of inflammable air, as 121 : 29* 
This is iiot very wide of calculation. If we confider the great 
^fBculty of obtaining thefe ipecHic gravities with exaflnefs, 
we muft be pleafed to. find ib near a concurrett'ce, and place * 
snore confidence in experiments on the Specific gravities and 
combinations of aeriform bodies, than has generally been given 
th^m. M. Bbethollbt^s experiments come within Vv of 
calculation ; and this difference will be diminifhed by two* ' 
thirds^ if we take the fpecific gravities of the phlogifticated 
and inflammable airs in the proportion of 11 to i, as he has 
done, inftead of Mr. KiRWAN*ft proportion, which 1 have fol* * 
lowed in this calculation* 
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figns -^ aiKl - proccecj a^t.<3r»at(8Jy by pairi*. t(i)^ "th^tgfgv 
«*-". The cp'cf^^iei)t? of ?(U thsfeam^ tft ffelf ^lfei»v<{'m<H)'- 

multiplied into **"^, iR4icre'V»3£if or 5s?lll5, sn^ % an 

even pumbpr ; but — 1, if ^ be an uneven number ^ It^aliotb^f 
cafes they "^ill be r= o, . . *. 

..T^ nuipbers 1,2, 5, 7, i2y.i^jf.2a, 26, 3^1, 4p, ftc. 
fubtfa^d' from ,i& ma^ be. coHefted ffooa the aKyitidn qJF ijie 
HomJjers I. 4, J, 2, 5, ^, ;?, 4^ ^ 5, |i^<5, 4£C» which 
confift of two arithmetical ferieiea i , 3^ jj, ^j, j^ i|? 4?^ 
l> 2i 3« 4« 5) 6, 7, &o. intermixed* 

a. Th^ = fum of any power («) of each <^ the Tools in the 
equation A = owillbe S («»), where S(9r)deaote6. the fum of 
all the diviforsof the ouoober at,;. iffi.heiiot greaterthaoff. 

Cor, Hence (by the rule for finding- t^e fum of {m^. pow^ 
«f eacb of the roots from the Cum of the iafstior p(^wer» and 
co-efficie&(8 of tbe g^v«% fq^g^^ioo) tsay be 4l!Nwc# 9(4^ 

T ■ V • • --• ' • t^ 



fS(i«-*i>-^(m-*) + rS(m-3)-jS(»f-4)+7&(*^5)- 
«c =±S(«-^i)+S(w-2)-S(^-5)TS(m-7)+S(w-.i2) 
+ S(/w- i5)-S(iWr-22)-S(/w-26) + &c. which is the pro- 
perty of the (urn of 3lvi(o^sinV^ted by'rti^ late M, EvLeA, 

<:or. By fubftitutii% Vfor :S(4*- 1), S(;/;«-2), &c. theif 
values S(w - 2) + S(w--3) - S(;w-6) -S(/w-8) + &c., 
--S(/w-3)+S(/w-4)-S(fw- 7)— 8(i«-9) + &c. &c. in the 
given equation S {ntlj:^ S (« r- 1) .+ S (/ti - 2) - S (w - 5) 
- S (/« — 7) + &c. may be acquired an exprcflioil for flite fum 
S(w) in terms of the fums of the divifbrs of riulibeft leifi 
than* /«- ly m^ 2y, |cc. -^^ the- finne. R>ediod niay bfe uf^ for 
a fimtlaJf. purpofe in^ fome of the following ptopofitiQrts^ . , . - 

Cor. By the rufe for fiiydmg the fu)n *of,th"e..coiirprite'of 
tvtry ^m) roots from the fums of the^ powers j^f each 4«f the 
roots may bef deduc^cf. ^ttife aquation tfc t .^^^.^ ^f . .'-^> 



In which die {am o^-^t i^vtf(»rs;of^6f iranber wris d^Mtefi^ 
>^'t^€»ti» o^'Plfe>>(iivir0ra of ^ M^eriolT' numbers' Mri4>i, 

^r .'i ;.f. /iifjwtll^liU^theraAM ^ga a^ ttlte^cdt^fiidttnt; 
'^ Mtt^eiis fh6 CdMrary-; jbutrif tftt-co-^Ikieiiti^d, (hen will 
tl^'<MIWNM •(' M ■ifj>J^m> ^ffli.' '^FhA ilaw «>f tbb* ideSts is 
•giira^ in'thd-Medvtatioq«3^Igebfai0ae» ' . .' n r 

3. Let H be the number of different ways by whibh the fuBi'Of 
«ny t^ohnmbcrs-P, 21^ 3V 4i^ . . ■/ W-''*; f*— 1, e*» beeoilse 
szm I HU tiM nwDbeir 6$ Ways by which thefutb of 6ny tK«ee 
blft^e abov<b*miention6JhUffiber8ii. cart m&l!:e-«i'; H'^^ B'l'vH^'', 
1^.' the number of ways by wllich the fum of any foUr, five, fix, 

F f f a &c. 
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&c. of the above-mentioued numbers is =« /wrefpedlivtfl}!:; fbeit 

wlUi -H+H^-H'' + H^'^-&c:'=:=i=ibro. Let m=if^, 

aod It will be + I Qr ;^ j-^ accordipg as ^ i$ an odd or evea 
nuiQberji .ill aU oth^ cal^$ it. will [)p =fp. . 



PAR T' If, 



». Let the equation be * - i . a?* — i . x' - i .x"" - i . x' — i » 



«" - I . *" -• I . «'' - 1 . . . ;»•- 1 ► &c. = **-/**-' + y**'-* 
^ r*^-o +T>-* .-- &c. XT **' - **"'-» -* Jir*^ + **■-♦ +«*'r* - «*'-'? 

.;*ii^'rt>6u:tr*>«»7>+j^:-t«8^'.5pc.=>A' = o;- the fum of aay power 
(^i)«^«(Sioti of' t^-rootd in the^ equation A^=o will be ^'{m^ 
\l^h&re. ^ (m). t^ntitej! the fiinv of alt the prime divifors of the 
• ii^iah^' iff, iind^'^k t^t-^grexttr than >n. \ ^ 

C»/"P tteiftreV by fhe i^ule before-mentioned S' (») ■i.S'(«r - 1) 

-i ^'(^^^ 3*1*) — S'(*i, -.r6) + S< («>- 17) + 6'.<«!r- 19) - 
S'(/» - 20) + S'(w - 23) - aS'(/w - 24) + S^(« -26) + 
S' (/» - 27) - S' (« - 28) + S' ^ •- 29)1 &c. 

Jf;in«bi«,r-or Hie pMcecling, oc fubicqiient aaalogous cafes 

$(Jwpjfig'or §'(/»- r), or S'f(i»-r), becomes S(fl), br S' (o)^ 

or S^ M i/ior S:((>), or S' (»), ox S^ foj," always CuWEtute r. 

,,Qr* Let tfbe ^e co-efl5cient. <^ the term «*'~" ;."thcu» bf 

the aWve-iaentioiied icfies contained^ iji. the . Mejd^tbnes Al^ 

gtj)mica^5fw^, I . |i^^^5^.,4..^.>^ >f L=^i-«.~^S'^a) 
+'&c. ' . +«^^^-«^'-V^S'(C4))' 
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-&c. -feean equation^ whfch expreife^ a relation , between the 
prime divlfors of the nunabers \%29\^y-^^ . .iw-*!, m^ and 
their powers. 

Cor. The co-efficient L = thc diSerence between the twp 
refpedtive numbers of difierent ways ;tha|t m can be forcped 
adding the prime numbers \^ t, 3, ^ 7f ^^9 ^Zp ^9^ ^^ 
the one with^ and the other, without^ 2.. 

PART III. ^ ^ 

r. Let an equation JST^ p ^- i • sfi^-^i * ;rt-r^ x 2(jc.s 
;if*-/A:^--'+^^^*-ra;*-3 4.&c*«o; then wiU the fumi of the 
(f») poweits of each c^ its roots be the. iuo) of ail /the diviibrs. 
of m^ that can be found amongft the nu<aberS;^:i3»^;«^ ^ Sfc. 

2. The coi>efficient of the tesm ;e^^^' wiU be thf difl^^ri^|use 
between the two relpedlive numbers of difieten^ ^fJh that 
the number ;(m) can be fiHniedffocn)tl^ addkion of jche ^^fn^k^ 
bers a^ .jS, yt 9, &c. i the^ one containing in4t ati^odd nuo4)cr of 
the «ven numbers contained: iHr «^ i9»: ^yh &^ ;^ ^ ntbe)r opt. 

FA R'T V'lV^ : • • - • r • ^ . • 
!• Let x'- I . **'— X . f3'- I . Jrf^- I . • • • .>*^— I .Acs: 

^^^ii/^;^A-i5/^&c.=?B=:6,.of w equation all the co* 

efficients are t^e fame as ijn^ ca£e the firft;^ and coniequeht)y 
=fci pr o to the term (;r^-^). ' • * . :a. 

2» The fum of any power ixfnof each of Ae roott of. the 
equation B =s o will be S^(^), where Sf («) denotes the fain of 
tl^ dlviibrs of m^ which are divifible b^ !. 

' ' ' . " Cor. 
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C«r. H«nc« S'(fli) =« S'(«r-y)-^9*(«#-»a/>-9^^/)f-5/)- 
S'(»» - 7I) Jh &{» - I ^) + S'fuer - 1 5/) - S'(«» - 2*/) -* 
S'(m-26/)+&e. ; the. law of the ftrles has been fpven iu 
Cafe r. 
Cdf^ 1%^ ftntt oF itl cHe^diMllMtf- «f « sot dmfit4« % /bs 

.- ^S (« - 5)- S' t/w - 5')>-(S!(«r— 7) - S*(«u»7/»>frAc 

A fioiUar rule may be pr|^ie;aCed. of the fum of the divifors 
notdiviiible by the numbers a>^yy^.</| &c : for the fum of 
the dlvifors of the nusnber (m) divifible by a^ b, c^ d^ r, &c., 
iAMtn M,4r^r, J, r» 9st, tec frinie to es&Yt ochee =j(S'(a^<|. 

^>*lb(»^ 'I'^ieb^air/tii'tMtibvn^all flh'e^^vlfors«£i»..4 ^^divtfi> 
Ifiitffay tt^if^^tt'ifi ft 96c.- ttii^e&v^'^ «(tdie*l t^«A4»er» ^lAtt'imii 

tjf iiti3rV#t)>e^ ijlie'ifudndti^ i«V M A A- ltoo.^«b«! -£d» of aU 

the dtviforb^ of i» diviiible by the contents (43ff, ab4» acd, bed, 

&c.) of every three of the:^^uavtiaes>.«^^, r, ^, &c. — the fum of 

^U the iWkew of m di¥ifible by 4ib« coatents>of every four of 

'the^poyeaientibiied quantities a,i, c^a^.icc, -f andf)$ 0n, Wd 

cpnfe(}yently S-(«r) — C'is the fum required. 

, llie -pnnciples g^veu In the forjiier ^rt's it^y be 4ppU^ to 

this, iud eWteiid'ed to equa^tions of v^ich the fafCoi's hlfV£ ilie 

formula ;.)r*^^{ and from the fum of thd .in<«noy ^p^efs of 

each oJ"' the roots, ^iiid' the cb*efBcieiAs-may be' Idoll^de^tbe 

" fa th of tlic fuperibr i ''tlajb twae- sAXy ■" be perfornoied' ^^* .tfec <tf- 

'effidents^ly,'!!^. '*•"-} vJ '^ -^ • •• '"■-•• 

PART 



■ ' . ■ ' ,\ - r ( -'-..■ K !» ^- ... ,-. 

'.'•>:»> ik.:» T vVa 0... . . ' f ., ;. -.-;, 

divifible by tf =: jS X S(«) + fumDf aH the divifors of «-«6t ^i* 
vifible byjQ. ., . - - > 

^ ^. S' (fld X jB) ±: a X S^(/5)+ fum of all the diviforstof dJvi- 
fibleby /but not by «sJ&fe, 

3. S(axiQx>'xSx Arc;) as « x S(/3 x y x J x g, &c.) + fara 
of all the divifors of /3 x y x Juj «, &c. not diviiible by «:s 
« X i9 X S'(y X ^^1, &c) + <um of all the divifors of /3.ic y x J 
X 6, &c. not divifible. by ««.-f-«xfum of all the divifors of 
y xi X f, &c^ not divilibk^ hy /J v=m * ^ x y x S(J x t, &c.)+^ - 
fum of all the divifors, o# fpHyxL^tr &c. not divifiblehy - 
m + ccx fum of all the ^mfofi of ^xi^ i^ &c. not divtfible ^ 
by iS + a X /3 X fum of ^ l|^ d»vltar» of 1^ e» &c. .not divifiblf^ 
by y»«xiQ y y x^x S (</^.) + <HnDk of all the divt&rs trf 
j6 X'y X J X f, &C, not diviliblp.^^ ip +« x (Irm of all the div]f6r» 
of y}0/&c. not divifibie liy ^^#H@f ium of all tlve'divir 
fore of if, &c. not diviiiblV by y^if oyx jS x 7 x fum of all the 
divifors of 1^ &c. not divifibie by i^&c. The law oi thp.^ 
feries is maniffft. The 'letter* a^'./9,c y» J, &Crf which ar^ iwt ' 
contained between the parenthelcs^ d(^iidte pri.Qie iiumbers. 

Cor. If fome of th<e ^hrtterfc «, i8, yj if &c.,.ba/^ubftituted - 
for others,' and others for them, the equations^ refulting.sv<ill - 
bejufti and cai>fequently maiiy new tqUat;ioas may br ^educ^ed. 

If in the pneceding^equatibns fof S be wrote-S', aii4 for thp 
fum of all the divifors of -a certain' ^u^nti^y not divifiblc by; a 
prime number (a^ or /3| or y, ^c.) be wrote the fucn of all 

the 
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the divifors of that quantity not divifible by the fame prime 

number, but divifible by /; the propofitions refulting will be 

-truet 

Thefe equations may be applied to the equations given in 
the preceding parts, and from thence many others deduced* 
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XXV. Experiments on the ProduSlian of artifidal Cold. By Mr. 
Richard Walker^ Apothecary ta the Radciifie Infirmary at Ox- 
ford. In a Letter to Heprj Cavendiik, B/q. F.R.S. and A.S. 



Read June 5, 1788. 

THE Ro^al Society having been pleafed to infert, among 
their TranfaCHons fbr laft year, an account of ibme ex* 
periments 6£ mme, rehting Uf thd ^rodUdion of artificial 
cfold, ti^nfmitted in a letter from Dr. Bbddobs, I am induced 
to mention a few I hav^e m^e finte. 

Your zealous attention ft) Atis^bjed, tinder whofe aufpices 
this, as well as other bfanchcfisi c^ Aattiral philofbphy, hath 
received confiderable improvement, will, I hope* apologize far 
the liberty I have taken in addfeffittjg ttiyfelf to yoii, efpedally 
iince any new and ufeful f^£ts I may have afcerfdlned are prih* 
cipally owing Hb thofe endeavburs your occelleht Papers have 
hicitedm me. 

My moft pov^erful frigorific Mixture is the foUov^ng : 

Of ftrong fumiiig nitrous acid, diluted witfi water (rain br 
diftilled water is b6(V) in this prbportibii of two part's of the 
fbrmfer to one of the latter, each by weight. Well ittixed, and 
cooled ro the tempeftture of ttie air, three jJarts; of vitriolated 
natron (Glauber's fait) four parts; of liiti'ated arhmonia 
(nitrous amtaonislcj thi'ee and a half piits, each by vi^cight, 
reduced IfepaWtely to fine powddr: the poWdeted vittiolated-' 

Vol. LXXVIIL G g g natron 
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natron is <to be added to the diluted actd^ the miicture welt 
din^d;' abd immediately iafterward the powdered nitrated am* 
mo»iav again ftirring the inixture: to ptoddce the greateft 
efibflr/ the falts fhould be procuredasdry and tranfparent as 
poiiiblej and ufed freflily powdered, Thdfeieem to be the 
bell proportions when the temperature of the air and ingre- 
dients is + 50^ ; as the temperature at fetting out is higher or 
lower than this, the qttantity of the diluted acid will evi- 
idently rdouire to be propbrtionably diminifhed oi iticreafed. 
This miflttiirt is but little inferior to one made by ^ddSbhbg 
fiaowin nitrous acid, for it funk the riiermometer jvon^ +32'' 
co;-:so^t; peri^aps it^nkay be po^Gfole* to reduce the lilks^.to (<^ 
fitia a^pqwder^as toknakei ie^ual. ' In this laft' experiment the 
iiiititeldp'acpd'was eqi^ \n quantity Co the vitriblatel' natron, 
being fqmf p^ns 'eaoh^ the nitrated sunmonia three- {Slid a batf 
bs'belbteU A powder composed of muriaeed aanmotiia%iiide fal 
b]bmoma<J)fii^ pares, nitrated 1^11 (liirre) four j^airts^^^ttued, 
stay lit cfubftituted in the ftead bf iittraied aiiiiiicmUi with 
nea% e^fOal e^£t,* isiA in the fatne propQitiMrr- v < t>*^ 
i CryibalHzed nitrated ammckiia, induced to ve^l ifind^owder, 
dtnk th4 t^evmpmetef*, during its foktion «r rain<*water^ forty- 
eight degrees, from -f 56% the temperature of tbe'^r and ma- 
terials, to H-^"^} '^nd when evaporaVed gently to^lv^^^fs, and 
iinely p6wd«j»d, it/fiii^ the therdiobiecer forty^iiiee degrees, 
to +7^9 the temperarure of the air and material bcfiAg la be- 
Ibrt at 4^56''. ^ therefore, in this flit (vThich f^oduoes, as*ap- 
peaiTS above, much gre9ter cold during fetution lA^iVilter,^ than 
any othdr hithertakpbwn) the water^olf t^ryftalli^ttiMi is not in 
the kaffi C0nduclfe.ta^thatvefie6k« lexped^, thidl^dihitiDg 
the ilrehg nitrciiis aqi4 to the pre^r Arength with^lftioWf in- 
ftsad of t^lteir, by Whieh its texD^iature would be much 

reduced,. 
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reduced, and then adding the falts, a much greater degree (^ 
cold might be produced; but, by various dlverfified trials, I 
ibutid bur little advantage gained; I (hall therefore £)rbear 
mentioning the fiarticuiars. In the cburfe of this winter^ 
ibme diluted nitroua acid, in a wtde-n^outhed phial, wasim« 
merfed in a freezing mixture; when cooled to about *- 32"*, it 
froze intirely to the confidence jof an ointment, when the ther- 
mometer fuddenly rofe to -» a^; on adding fome fnow that lay 
by me, it became again liquid^ and the mercury funk into the 
bulfo of a thermometer graduated to** 76^: I know not its 
exa6t Arength; hut by the effisA imagine it might correfpond 
nearly with: that which is capable of idie eaifieft point of fpi«- 
rituoua congelation. Cold, I have, found, may be pix)duced 
by the wnion of fuch faits <a8:on ntking are dwompoTod, .iiiifl 
become , liquid or partia% fo. * The axiheral aikaU.prodac^f 
this efiel^rwitk- all the >ammoniacal falts; but with nitrated 
Ammonia to a eooBderable; degree* The mimeral ^ alkali; ad^d 
in powdf^r. loiiitroiis acid, I' diluted as aboye^ funk the fbecmar 
meter twenty-two degrees onlyt from $j^ (tempera*^ <ii:m 
and materials) : to 31^ Thi$i.fak ooataina near!/ :si^ much 
water of cryftaLUzatioa as vitriolated natron, and produced 
more cok) duringfolutioniu water than that fait. The rea]foa 
why it produces ieiis w4iQa added to acid than the neutral fait 
does,^ is perhaps fufficimCJiy evident, ' L have obfe/ved the ther^ 
mometer to bfc ^ationary* or even to rife, during; the violent 
efibvefcraceplxidutedonimxingthofe' materials, aofi to ficik 

as icon asthatceafed. •] 

' Vitriolated^iatron diifolved'*indifierentty>? li reaified.fpirit of 
wine, aiid produced neither 'heat, or cold; the difpofmon .to 
produce cold; daring its fplnlvon^ being perhaps exa^ly ooun^ 
teraded bf the tendency /iMrhich the diiiolvcd fait Mh iii^ 
• ./ G g g 2 uniting 



2q8 Mr. Walker*8 Experiments op the 

Vurtbff with the fpirj^t to produce heat. y\tflQ}pXf.^ i^aefia 
(a fait vefy finvUar to vitriolated natroo) ^^fM^g fplutian in the 
diluted nitrpus acid^ produced neatly as mjnc}^ qold as that 
fait : tj^e ffnall difference t^ie^e is between .thjpHp, ^ tp thijs 
efifedt, may be owing tQ the former contaiiji^ng m^v lef^ 
water In its cryfl;als. ... 

Vitrv^lated natron^ liquified by heat, w^siet %q €po^i wjben 
its temperatu^re was reduced to 70% it l;^axx:us jfblid, au4.th|; 
thermometer ixx>mediateiy xok to 88"" (eighl;^ en^ de^^ee^) i$& 
freei&ing point. Do^&not the qjuantity of 4p.^!^^ ^^ V¥>\y(^ 
by this ialt, in becoming fpUd^ i^icate i^s.gfeat; c^paci^ f9r 
heat, in returning, t;o a jli^yid Aate, and cc)i>^efjuffit}y 9C9PJ9A|C. 
ip a great oieafur^ for its p;^ucing foph iqitepfe col^ dj^jrjfig 
folution in the dUut;ed miuer^ acid^? Twf>fal|:s^ vipiok^t^ 
argillaceous earth (aluqii) and tat^arijmii natron (^pf:i:^lle jf^lt), 
eachconitain near^y^as much wat)er of cryfla^li^atipD s^ v^trio- 
lated natron; but produced nekbec of tfaeq^ a^y; c^i^^fir^t'JA 
efieft daring foliittion in the diloti^d ni^^ou^ A9f^i\ the latter 
made the thermometer ri^: neither did th^r te^p^a^ffts inr. 
creafb^ like that fait, in changii^g from a liquid tO; a fqlid 
flate. 

. From the obvious application i>f ^r^eial itigi^tjfif: xsjifJa^^ 
to ufefui purpofes^ in hot climates e/p^i^]y, wh^ the inha- 
bitants fca^rcely knQw by the fenf^^^of fedi^fg wj^t^r itQjf^ {wfir 
mer, it tt\zy not b^ amifs tq ^int at the ea^^ a^d mp^ 
economical method Qf uiing tjb^n^. ¥os >m^' iatenQQaSy 
perhaps, the following cheap one m^y }^^' fpHc^^Qt ; of 
flrong vitriolic acid^ diluted M(.^b' 90' equal v^^igltt^ of v^fifer, 
and cooled to the teqiperature of the w% aqy quajiu^ } a^d to 
this an equal weight of vitriolaM natron in >poiK4e{« (ibis is 
the proportipn wh^n^ the tQsnperature fet.r^QUt vyithis +50% 
2 - and 



and ivill fink (he theroiQiiQeUr (05''} if bighjer^ .the quan^^y 
of the fait mufl \>^ prppQrtioniaUy in^cre^^ei}.. The obvim^ 
aiwl be(l m^thpcl of fi^diug the necpffary^ quantity, of ^ny fait 
to prpdw^c tl^e gre»tpft cffpd^ by Jfelijtion iq any liqgid,. tit any 
given temperatyre, is by addiog. it gradiially until ^tbe theroio* 
xjieter ceafes to finjc, ftirri^g the mixture all thewhil^. > . 

If a u^ore int^ofe cpld be/equir^, double aquafortis *}s it i? 
<i?^\]j^^f may be uf^ ; vitripl^ted oatix>o» in powder^ added to this, 
prpduces^ very newly as^mioh cpfdas when added to thedilulfid 
ni^Qu; acid : AjC requires a rafth/^r Urgpr quantity .of the fait, ^^ 
thp tcpapjeratufe of +50°,. ^ijt three p^fts of the fait to^ two 
psiFtf of the 9cid ; it^will/iuk; tbe thei!(nongbe(^r from that lemir 
pi^^turen^firjy tpOt^.^ndtho ptx^foquence of rnoce faltbciftg 
r-^^lPiFPiis,. i» ^gtainiiig the: QpW,68/^9r longer. Thi^ i»i)J:urp 
ha^one^grea; rocp^imend^t^c^, a &ving of time ai)d;tirou^- 
A little water in. 9 phbl,.iq[)43^ie^ in a fmaU tearCjup of .t)»id 
miHtur^, will . be iqpxi fra^^t) ip fymmer ; and if the fait, bfe 
added in cryi^s u^pouodM to^^ouble.aqvla fQrtif9i6toett,afc.a 
warm terop^r^i^yef . the^ cojd . pr»d«ce4 wUl b^ fuflScfenfc ^ 
freeze water or cre^rn&i ^u| if^ diluted with one-fifth itP 
weight of water, and cpoledf it b about equal to the diluted 
nitfo^^ gcid abpye i|ientiopec|, aad. r<rquiret the fame propor* 
tion of the fait. A mixture of vitriolalted natron and. diiAited 
nitrous aqid fun^ tbf,il^rQ90|0ftecfrpm ^^for (temperature of 
air and ingrediepta) torf lo^ 

The Qold in any, pf tb«fe.mi?tmjBS iijgy W kept up a Joiig 
tim^ by oeqafioq^l ^ddij^ioc^s^^fvlh^ it>grf^ienjt$ in the proper- 
tipn^ mi^ntioged. Af^emiftiWo^l4?o)alcQ the ika» m^eriaU 
fcrve his purpofi? reppaltdly^i? 

Equal pam ctf mwift|ed ftgonnwi* wd nitrated kali in pow- 
der inake a cheap ^4 «0|^YC|i4BX^t . COi^pofitioo for^producing 

cold 



4CO Mr. Walkbr^s Experiments en the 

cold by folution in water ; it will, by the following manage-^ 

ment, freeze water or creams at Midfummer. 

June 1 2th, 1787, a very hot day, I poured four ounces^ 
wine meafure, of pump-water^ at the temperature of 50^ (it 
is well kuowi3:that waterat fprioga retains nearly the fame tern* 
peratur^ winter and fummer^ viz. about 50% to which tempera- 
ture the water may be reduced during the warmeft weather, 
by pumping off fome fifid) upoa three ounces, Aroirdupoia 
weight, of the above powder (previoufly cooled by ImmerfiDg 
the velTel containing it. in other water at 50^, and after ilirring 
the mixture its temperature was iV";- fome water cohtained in 
a fmall phial, immerfed in this mixture, was confequently: 
^n frQxen. -This ibiution was afterwards evaporated to dry- 
nefs, in.an earthen vefleli reduced to powder, and added to the 
fame quantity of water, undfer the fame circamftances as be* 
£>re, wbea it again funk. the thermometer to I4''. Since that 
time I have repeatedly ufed a compofition of this kind for die 
purpofe of ' producing cold> without ohferving any diaxinotion' 
in ksefi^d^ afb^r many.evaporatiooa* - The cold may be cBcono- 
mically kept up and reguktod iny length of time, by occa- 
iionally pouring off the clear fat^ritted liquor, and adding fi»{h 
water, .obferving to fupply it conftantly with as much of the* 
powder as it will diifolve. 

The degree of cold at which water begins to freeze has been 
obferved to vary much ; but that it might be cooled twenty- 
two degrees below its freezing point was perfedlly unknown to 
me until lately. I filled the bulb of two thermometers^ one 
with the pureft rain-water I could procure, the other with 
pump water ; the water was t^en diade to boil in each, until 
one-third only remained: thefe were kept in a frigorific mix- 
ture, at the temperature of +10% -for a^ much bnger time 

than 
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thatt I thought neceflary to cool the water to the fame tempe- 
rature; and by repeated trials I found it Was necefl&ry to lower 
the temperature of tfce mixture tO' near +5'', tb'Aiake the 
water in either of them freeze, ^hefe were likewife fuf- 
peaded out of doors, trlofe to a thttfmomieter, during the late 
fboft, and the water nivec obfer^ frozen. On Match the 
22d, at ^% in the lidoming, the Water in each reniained un- 
frozen, though the tobci^ w«m< gently ihaken, (he thermos- 
meter ftaiidifig at that titaaeat 2*3''. There appeared to be li^lb 
difierence with refpe£k to the degree of cold necefFary to freeze 
thcwater, whether the tube of the th^mometers' were open 
or^Qlofed itt vacuo (which-was very nearly effedled by fuffering 
tho .water to boil' tip to the orifice of the' tube, and. then, fbddenly 
fbaUng lit) i or not, buc^ unboiled witter, in^ &e fame fittiation 
froze in a higher temperature^ 

. It is commonly (uppofed, I believe, that gentle a^tSon of 
any kind i will diipofe water (cooled below its freezkig point) 
to become: icer; b«7t I have repeatedly coined rain-water and 
pump water, boiled a \xxxg time^ and tmboikd, in 'o^rl veflels 
to 30'' ot lower, and Iwies conihntly Aickreedcd, '4ift<Jrt^ 
other kinds of agitatiop ifi^ vain, by^ftirring, or .r^her fcraping 
gently, the bottom and fides^ of ^he veffel containing the wa* 
ter to be frozen, when> after fome (hort time fm^H filaments of 
tot appeared, and ty oontimiing thid motion abottt every part of 
the veffel beneath the furface of the water, about two-thirds 
of the water commonly fi^JtOi A Hender., pointed glafs rod I 
ufed fm chip pnrpoie. 

I have th^ honour to be, &€;- 

RICB. WALKER. 

Osbrd, Ifacch A2t iJ^Si . v 



403 • Mr. WaIi^erV Experiments^ &c. 

ExtraSi from a fecond Letter from Mr. Walker to Henry 
Cavendifli, Efq.. Dated Oxford, May 28, 1788. 

A . more iiitenfe cold may be prbduced by a folution of ftlf g 
in water in fummer, than* can be produced by i mixture <i 
fnovv and fait in winter. To rain-water fix drichrris (t>y 
weight) I added fix drachms of nitrated ammonia redu66d to 
a ^very fine powder which made the thermometer fink from 
+ 50^ (^temperature of the materials) to 4'', then adding fix 
drachms of mineral alkali very findy powdered the thermo* 
meter funk to - 7% fifty-feven degrees. It is obiervablc, that 
in the latter there are two caufes concur in producing the ctGsA^ 
|he ligiufadidn both of the fnpw and fait ; but io the ejrperi- 
ment juft mentioned the liquifa£lion of the falts only. 

Vitriolated natron, after it had given otit its water of ciy- 
Aallization by expofure to the atmofphere, produced nd change 
of temperature by iblution in the diluted hicrous acid, bdt 
during folution in water produced heat, as^ did likeVt'ife the mi* 
neral alkali. 

I have fince mylaftfeetf FAH!tei»H»Eit*s Experimented 6u tlie 
freezing of Water, rekted in Vol. XXXIII. of the PIkilo- 
fophical TMnfaftions ; but is mine diffi* ita degt^ 1 Rrfte 
no farther notice of tfaekni 
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XXVI. A Defcriptton of an Infirumtnt which^ hy the turning ef 
a Wtnch^ produces the Two States of EleSricity without 
FriSlton or Communication with the Earth. In a Letter 
from Mr. William Nicholfoa to Sir Jofeph Baixks, Bart. 
P. R. S. 



Read June 51 178s. 



SIR, 



'T^HE following account of the inftrument I had the 
"*• honour to (hew to yourfelf and other philofbphical 
friends, in the month of March laft, will, I hope, appear 
fufficiently Interefting to be communicated to the learned So- 
ciety, over which you fo worthily prelidc. 



Plate VL fig. i. repreients the apparatus fupported on a 
glafsi pillar 6i inches long. It confifts of the following parts. 
Two fixed plates of brafs, A and C, are fepi^rately infulated 
and difpoied in the fame plane, fo that a revolving plate B may 
pafs very near them, without touching. Each of thefe plates is 
two inches in diameter ; and they have adjuiling pieces behind, 
which ferve to place them accurately in the required pofition. 
D is a brafs ball, likev^iibof two inches diameter, fixed oa 
the extremity of an axis, that carries the plate B. Befides the 
more elTential purpofe this ball is intended to anfwer, it is fo 

Vot. LXXVIII. H h h loaded 
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loaded witliln on one iide, that it ferves as a couiiterpoife to 
the revolving plate, and enables the axis to remain at reft in any 
pofitlon. The other parts may be diftinfUy feen in fig, 2. The 
fhaded parts reprefent metal and the white reprefent varnished 
glafs. ON is a brafs axis, paffing through the piece M, which laft 
fuflains the plates A and C, At one extremity ,is the ball D 
already mentioned ; and the other is prolonged by the addition 
of a glafs ftick, which fuftains the handle L and the piece 
GH feparately infulated, E, F, are pins rifing out of the fixed 
plates A^nd Q at unequal diftances from the axis. The crofs- 
piece GH, and the piece K^^ lie in one plane, and have their 
ends armed with fmall pieces of harpfichord-wire, that they 
may perfedtly touch the pins EF in certain points of the revo- 
lution. There is likewife a pin I, in the piece M, which, 
intercept a fmall wire proceeding from the revolving plate B. 

The touching wires are fo adjufted, by bending^ that whea 
the revolving platie B is immediately Oppofite the fixed plate A, 
the crofs-piece GH connects the two fixed plates, at the fame time 
that the wire and pin at I forna a communication between the 
revolving plate and the ball. On the other hand, when the 
revolving plate is immediately oppofite the fixed plate C, the 
ball becomes connected with this laft plate, by the touching of 
the piece K againft F ; the two plates, A and B, having then 
no connection with any part of the apparatus. In every other 
pofition the three plates and the ball will be perfedWy uncon* 
necled with each other. 

,Mr. Gavallo's difcovciy, fo well explained in the laft 
B'akerian Lefture, that the' minute differences of electriza- 
tion in bodies, whether occafioned by art or nature, cannot be 
completely deftroyed in any definite time, may be applied to 

expkia 
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explain the a£(ion df the prefent inftrument. When* the plates 
A and B are oppofite each other, the two fixed plates A and C 
vciTiy be confidered as one mafs ; and the revolving plate B, tog^ 
ther with the ball D, will couftitutc another mafs. AU the 
experiments yet made concur to prove^ that thefe two mafles 
will not poflefs the fame ekflric ftate ; but that, with mfpefl: 
to each other, their eleflrricities will be plus and minus. Thefe 
Aates would be fimple and without any compenfation, if 
the mafles were remote from each other ; but as that is not 
the cafe, a pais of the rbdundant eleftricity ^K^ill take the form 
of a charge in the oppofed plates A and B. From other expei- 
iiments I find that the e^^ <?f the compenfation on plates 
oppofed to each other, at the diftatice of one* fortieth part of 
an inch, is fucb that they require, to produee a giveo m%tT\^ 
fity, at leaft one hundred times the quantity of eledricity tha( 
would have produced it in either, fingly and ajiart. The r«*- 
dundant eledaicities in the mdfes under confidef&tion wil/ 
thcrdfore be unequally diftributed : the plate A will have abo\Jt 
ninety^nine parts, and the plate C one ; and, for the fame rear 
ion, the revolving plate -B will have piiiety nine pprts of tji^ 
oppofite eleiftricity, and the bdl D one. The rotation, by de^ 
ftroying the contaft^, preferves this unequal didribution, au4 
carries B from A to C^ at the fame time that the jtail K 
^omieifb the ball with the plate C. In this fituation, the^dec* 
tricity in B aSs upon that in C, and produces the contrary 
ftate, by virtue of the communication between C and the 
tall ; which laft fauft therefore acquire afi eleftricity of the 
fame kind with that of the revolving plate^ But the rotation 
again deftroys the conta£t> and reftores B to its firft (ituadon 
^pjofite A* Here, if we attend to the effit^ of the whole 

H h h a revo* 
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revolution, we (hafl^ find that the clcftric ftatcs of the refpec* 
tive mafTes have been- greatly increafed : for the ninety-nine 
parts in A and in B renHtin, and the one part of ele£lncity in 
C has been increafed fo as nearly to compenfate ninety-nine 
parts of the oppofite eleftricity in the revolving plate B, while 
the communication produced an equal mutation in the electri- 
city of the ball, fi fecond rotation will, of courfe, produce 
a proportional, augmentation of thefe increafed quantities ; and. 
a continuance of turning will foon bring the inteniities to their 
maximum^ whidi is limited by an. explofioa between the. 
plates. 

If. one of the parts ba conne£lfed with anekfkometer, more, 
efpecially that of BitNNST, thefe eflefts will be very clearly feen« . 
The (park is ufually produced. by a. number of. turns l>etween. 
eleven and twenty i and the electrometer isfeniibly a£tedupon. 
by dill fewen When, one of the parts is occafionallyxon* 
nested with the- earth, or wh«n the adjuAfnent.of^the plates 
is altered, thereareibme vai-iations in^he effefts, not difficult 
to be reduced ta the general principles^ bat fuflicieatl^i curious 
to excite the meditations of perfons the moft^ experienced iu. 
this . branch : of* natural- philofophy. An . attention to brevity, . 
however, renders it necelTary to forbear enlarging upon them.. 

If the ball be? connected with ^e lower ^pait of Bennet's 
dedrometer, and the- plate A with the upper part, and pny 
weak eledficity be communicated to the ele£tfometer» while 
the pofition of the apparatus is fuch that the. crofs- piece. GH< 
touches ihe two pins \ a very few. turas will sender . it percep* 
tible. But here, as well as in the common doublet, the tSt(k 
is rendered uncertain by the condition, that the communicated 
ekftiicity muft be flrong- enough ta.ddlrpy and pvedominate 
r over 
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ever anjr other ele£lricity the plates may poflefs. I fcarcely 
need obfervei that if this difficulty (kould hereafter.be removed, 
the iiif^rument will have great advantages as a. multiplier of 
electricity in the facility of its ufe, the very fpeedy manner of 
its operation, and the unequivocal nature of its refults* 

Lhavc the honour to^bc, &c. . 

W.. NICHOLSONS. 
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XX VH. MJl'^aif \f' a kr^lfif'^bf ihe Barometer^ nsrmome^ 
ter^ and RHin-di Lyncloi>*/« ' Rutland; with the Rain in 
Hbmpfliire an^^Mtxt^^ iri 1787. jf/o Jfome Account vf tte 
Annual Gro'oHB 'if Trees J ' By Thoma^ Barker, Efj. Com^ 
municated by Thomas Whife,.^^* F.ILS. 
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The year began dry, with but little and moderate froft, an^J 
proved a pleafant and open winter : as February approached^ { 

it grew mild, was fine, forward, and drying, and contiiiittd' 
forward all March, but more fhowety the Ifeginning and endTof 
that month. With April the weather -to rnedcoidef^ ejtff ati^ 
north winds the firft three weeks ftopped vegetation, and after 
a (howery latter end of the month. May had fo much cloudy 
weather and cold winds as blafted the apples, and hindered the 
growth of grafs ; but being dry was not unpleafant, and fuited 
the grain very v^cll, which proved good. ' 

The bees were remarkably forward in drones this year, 
which they had the middle of April ; but the cold winds and 
cloudy weather afterward fo hindered their working, that they 
killed their drones in May,: and were backwarder the beginning , 
of June than they-fjad been federal weeks before. : * 

There were feveral frofty mornings' in M&y, aJiid one on the 
7th of June, fo iharp as to kill the young jhoots on fome of 
the oaks and afh- trees in tl^e meadows. r'J'he.feafoa was in 
general dry the firft half of jthe year, and the crops of hay 
were light. . It was a very cool fumritier ; y^hat b6t weather 
there Was came toward the end of June, the Beginning of 
July, and beginning of Auguft. 

July 6f a very ftiowery feafoa begjan, which continued with 
but few intermifiions to the cud of the year, aad was more 
remarkable for the frequency than the quantify of rain, which « 
was not very great here. This ihade great plenty of grafs 
and turneps ; but was very troublefome in hay-time and har- 
veft, yet more hindering than real hurtmg. The wetteft 
months were July, Odoher, and December. The chief fair < 
fits wdff^ a hot week in Auguft, and a clear fiofty week at the 
I full: 
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full moon iti November. The latter part of the fummer was 
Tery cooU the autumn mild, and not very frofly ; but fome 
great (^orms, and in the countries where they had more rata 
than we, there were great floods. At the full moon in De** 
oember there came a week's ixoUt aud a large fhow^ which was 
not quite £one at the end of tfac^ yean 
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As I do not remember to have (een any particular account of 
the annual growth of trees, I here^fend an abftraft of fome 
obiervations I have made on a oonfiderable pwmber, for a 
good many years back ; and* have diftingutihcd in the table th# 
di&rftnt kinds, and placed the moft growing firft. 

Vol. LXXVIII. I i i Except 
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Except the two firft a(h trees^ I find the growth of oak and 
a(h to be nearly the fame. I have fbme of both forts planted 
at the fame timey and in the fame hedges^ of which the oaks 
are the largeft, but there is no certain rule as to that. The 
common growth of an oak or an a(h is about an inch in girth 
in a y^ear; fome thriving ones will grow an inch and an half; 
the unthriving ones not fo much» fome probably lets than any 
•here, for I chofe in general to meafure thofe- that;£eemed 
thriving. 

Great trees grow more timber in a year than fmall ones ; for 
if the annual growth be an inch, a coat of one-fizth of an 
inch b laid on all roundt and the timber added to the body 
every ybar is its length multiplied into the thicknefs of 
the coat, and into the girth, and therefore the thicker the 
tree is, the more timber is added. The body of N^ 9 is 9 feet 
long, the girth under the bark above 13 feet, the thicknefs of 
the coat 4. of an inch or ^- of a foot : then 9 x 13 x ^'^ is one 
foot and fix-tenths of timber added in a year to the body, befide 
the increafe on all the branches, and it has a very great head ; 
one limb fquares 20 inches, and is itfelf equal to a moderate 
tree. 

The hedge in which N° 4. grows was planted in 1665, pro- 
bably the tree is not older than that year ; it has therefore in- 
creafed in girth about 1.3 inch every year fince it was fct* 

The oak, N® 5. I believe fowcd itfelf; and I did not know 
there was fuch an one till about the year 1740, when the 
hedge being cut, the tree was found, and might be then 20 
years old or more. 

The two afh trees N** 20. and 21. grow much fafler than 
any of the reft, but are neither of them handfome growing 
trees, N"" 20« has feveral feams where the bark is parting from 

the 
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the wood, and are likely to be dead fides» N"* 2(. was about 
as thick as a walking-ftick in 1730. It does not grow round 
and fmooth, has no dead fide^ but feveral deep furrows in it, 
fo that thefe two trees feem to grow i&fter thaQ they can git>w 
welL 

In I733« N"* 23, was about as thick as a pitch-fork (haft. 

The elm, N® 37. was planted with the quick in January, 
1756, and cut down to the ground as that was. It is a kind 
of witch elm, which grow fader than the upright ones, and 
with great round heads. N^ 38. is fo far like a witch elm, that 
at ten feet high it parts into a great head ; but it grows much 
ilraighter and handfomer than that kind of tree generally 
does. 

Planted trees at a diftance from the hedge feem not to grow 
fb large as fown trees in the hedge : whether from the check 
the roots receive in traniplanting, or that the trees not in hedges 
are more rubbed by the cattle; perhaps both caufes concur 
when the trees are tranfplanted large ; but trees fet in quicks, 
when very fniall, do not feem to be hurt by it. I have fome 
oaks fet with the quick, and a row of acorns was fome years 
after fown againft it ; but in between forty and fifty years they 
have not overtaken the planted ones in fize ; the fown feem 
however inclined to be taller trees than the planted. 
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XXVSK Ob tAi Br4t ^ the Mabvmekmu tafflaiH^ 
B^eri* (k^). -By WiUiam Marfdcn, Efq. 



2% jR. i>» ^Tra ^. o* 



Read June i2» 178s* 

IN their computation of time^ the Arabs^ and other Maho* 
ixietan nations^ reckon by a year which is purely luoar. k 
has no re^rence to the folar revolutions, and is of courie un- 
Qonae£ted with the vicif&tude of ieafons* The pwpofe of 
Its adoption aj^ars to have been chiefly reUgious, fof the re- 
|;ulatiou of fads and ceremonies, rather than of the civil 
concerns of the people. Perhaps a confcious ^norauce in mat- 
ters of fcience mjght have determined the inftitutors to prefer 
a period whofe limits were marked and obvious to the fen&s, 
to one whofe fuperior accuracy depended upon aftronomical 
calculation ; and it may alfo be cot>jedured, that their habits of 
life rendered the adjuftment of the tropical year lefs interefting 
to thefe turbulent and wandering fanatics, than to nations 
whofe atteutloa was direfl-ed to agriculture and other peaceful 
arts. 

The era of the Mahometans, called by them the Hcjerl, or 
Departure, is accounted from the year of the flight of Maho- 

As this mode of fpelUng the word differs from that commoDly foUowed, it 
may be proper to obfcrve, that the Arabic letter* of which it is compofi(d arc 
•^9 A ^^ ^ ^^ ^f. ^^ that the fupplied voweb are to be pcooounced (hort. 

2 met| 



net, their prophet^ from Mecca, in Arabia Petrasa, to Me« 
dina, at that time called Yatreb, which was the thirteenth 
of his pretended miffion, the year of ChriA 622, and of the 
Julian period 5335* This event, \kA little menC^oratle in 
itfelf, and deriving no cekbrky fnwi die circunaiUncci imme-* 
diately attending it, was> eighteen years after, diftinguifhed 
by the Caliph Omar, as the criiis of their new reiigion, 
and eftabliflied as shi epoch, to which the dates of all the 
tranfadlionsof the faithful ihoukl have reference in future (a) ^* 
Previous to this, the people had been adcuftomed to compute 
from the commencement of a particular war, the day of a 
remarkable battle, or other occafional event txf importance to 
their little comn>unities (i). Accordingly, Mabomet is faid 
to have been bom in the firft year of the era of the Elephant ^ 
{o called from an attack on the city and temple of Mecca, by 
a king of Abyflinian race, in which thofe animals were em^ 
ployed J and twenty years after this, the impious war, in 
which the animoiity of two contending tribes occafioned 
them to violate the facred or interdi(9!ed months;^ appeared of 
confequence fufficient ta give rife to a new era- The uncer- 
tainty and confufion produced by this fiu(9:uation. demanded a 
reform, and more forcibly in proportion as the interefls and 
concerns of the growing empire extended themfelves. A dii^ 
pute between two individuals, refpedsing the year in which the 
term of an obligation for money fliould be underftood to ex- 
pire (the parties being agreed as to the month), pointed out to 
the Caliph^ to whofe tribunal it was> referred, the immediate 
neceflity of enjoining the obfervance of a determhiate era, in 
which the ftrongeft prejudices of the people fliould be made to^ 

* See the autfaomtiei at the end,, under this and the fubfequcnt letters* 

concur 
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concur with the fovcreign authority* The date of the Hejeril 
was thenceforth expcefled hx all the public ads and letters. 
. It mui^ . be underfloody that although the account of the 
years, coUe^^vely confidered, was , vague, that of the months 
was . certaio, and their. fuccefCon at all times fcrupuloufly 
attended to. Omar did not think it expedient to attempt any 
innovation as to the time of beginning the year, againft which 
the ideas of the people would have revolted; and therefore, 
although the efcape of Mahom£t from the indignation of his 
fellow-citizens was efEbdIed, according to their records, on the 
firft day of the third month, or Rabee, prior (on the twelfth 
day of which he reached Medina), yet the Hejerd takes date 
from a period two months antecedent to this flight, namely, 
from the firft day of Moharram, being the day on which im- 
memorial cuftom had eftabliihed the celebration of the feftival 
of the new year (c). 

The Arabian and Syrian Chrlftians, and the Mahometan 
aftronomers in general, appear to have fixed this day to 
Thurfday the ^fteenth of the Syro-Macedonian month Ta- 
mooz, aufwering to our July ; but fome among the latter, and 
moft of their hiftorical writers, refer it to the next day, Fri- 
day the fifteenth, and this latter date has, in modern times, 
obtained almoft univerfal acceptance (^). A religious pre- 
ference which Friday claims above the reft of the week, feems 
to have given effeS to the arguments in its favour (^). The 
difference of opinion on this fubjeft has arifen, in the firft 
place, from the uncertainty unavoidably attending a date, to 
be alcertained, at a diftant period of time, from the phafe of 
the moon, which is retarded or advanced by fo complicated a 
variety of circumftances ffj : and the ambiguity appears, in 
the fecond place, to have been promoted by the cuftom of the 

Arabs 
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Arabs beginning their day at fun-fet ; conformably with whieh 
idea, the titoe when the moon became vilible at MccciV'being 
the evening of Thurfday the fifteenth, according to bnr mode 
of computation *, was to them the commencemerit of - Fri** 
day J which Friday (beginning a few hours later) we term the 
fixteenth of July. At that period the cycle of the fun was 
15 ; the cycle of the moon, or golden number, 15 ; the Rb* 
man indiftion 10; and the'dominical letter'C. 
'The year, of the Mahometans xonfifts of twelve : lunar 
months, and no embolifm being employed to adjuft it 
to the folar period (as pra€tifed by the Chaldasans and Hie-^ 
brews, who were in other particulars their guides^ land an-i 
ciently, it is faid, by the Arab's themfelves), 'the commence- 
ment of each fucceffive lunar year anticipated the completion 
of the folar, and revolves through all its' feaions, 'the inonths 
rcfpeftively preferving no correfpondence (^); 

In order to form a juft and accurate idea of the length of 
this year, and of its component months, it will be WecdBfefy 
to diflinguifh two modes of eftimattng their commtriced^nt 
and duration. Thefe, though their difference is not pirogrcf- 
iive (never amounting ta more than two whole ^^ys'^ r And 
♦ rarely to fo much as one), may yet, if mifunderftood, occa- 
fion, in fome inftances, uncertainty and error: and more efpe^ 
cially as the writers on this fubjeft have inadvertently fallen 

* The new moon happened in July 6a2| on the 14th day, at 5I hours, 
A.M. Greenwich time, or about 8 hours Mecca time; and at fun*fec of the 
fame day, the moon was 5I degrees before the fun in longitude, and in 40 
minutes fouth latitude, and therefore about 4J degrees above the horizon. Crt 
the 15th, at fun-fet, it was 18 | before the fun in longitude, in 37' north lati- 
tude, and about 15"^^ alcove the horizon,, confequently vilible with clear weather. 
The fun fcts at Mccc<i, on the 15th July, at 6 h, 40', and the twilight is there 
confiderably (horter than in the high latitudes* 

iiita 
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iiito coQtrddi£l:ions» from negle&mg to explain to their readers 
a diftiti£licKi of which they ciufl: have been themi!bl?es fuffi- 
cieatly aware*. Thefe modes may be denominated the vut* 
gar or pradicaU and the political or chronological reckoning. 

The vulgar or pradlical reckonbg is that which eftimates 
the commencement of the year^ or firft day of the month 
Moharram, from the appearance of the new moon, on the 
evening of the firA or fecoud day after the confundion^ or 
firom that time at which it might from its age be viiible^ if 
not obfcured by the circumftances of the weather, which it 
Scarcely ever fb ibon as twenty* four hours, and feldom later 
than forty »eight hours, after the adual change. This appearance 
is announced by peribns placed on the pinnacles of the mofques 
or other elevated (ituatious, to the people below^ who wel* 
come it with the found of inftruments, firing of guns, and 
other demonftrations of refped and zeal f . The month thus 
commmced* is computed to lafl till the new moon again be- 
comes vifible ; and fo of the remainbg months, tiU flie has 
completed her twelfth lunation, and, emerging from the fun's 
rays, marks the pfa£tical commencement of another year (h). 

In the political or chronological mode of reckoning, the ie« 
turn of a new year, or the duration of the months which 
compofe it, is not regulated either by the appearance of the 
moon, or the calculated period of conjunction, but according 
to a certain divifion of a cycle of thirty years, adopted for this 

^ The juftice of this remark will appear evident by contrafting the authoritkt 
quoted under tlie letters {h) (i) and (m). 

f Thefe falutarions are more folemn or clamourous at the return of feme 
months than of others, and particularly on the appearance which terminates the 
month of fading, or Ramadan. 

purpofe« 
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purpofc •• Particular attention k due to the explanation of this 
mode, both as being more' artificial and complex, and becaufe 
it ferves to regulate the dates in matters of hiftorical record, 
and indeed of all writings where pretenfion is made to accu- 
racy (*). Upon this the Turkifh, Moorifli, and every fyftc- 
matic Mahometan calendar are ibunded. 

The lunar month, or mean fynodic revolution, according 
to the computation of the Arabian aftronomers, confifts of 29 
days, labours, and 792 fcruples or parts in 1080; and the 
year of 354 days, 8 hours, and 864 fcruples. But, as the 
purpofes of mankind require that the year fhould contain an 
integral number of dajrs, it became expedient to coUeft and 
difpofe of thefe fra6):ional exceedings in a coniiftent and prac- 
ticable manner; and with this view, a cycle or period of 
thirty lunar years was chofen, as the loweft number that ad- 
mitted of their being formed into days, without fenfible defi- 
ciency or remainder. Their fum being 1 1 days, it was deter- 
mined that 19 of thofe thirty years (hould be compofed of 
354 days, and 1 1 of 355 days each. The juftnefs of this 
proportion will equally appear, if it be obferved, that 8 hours 
and 864 fcruples (or 48 minutes) conftitute 1 1 parts in 30 of 
twenty-four hours, and confequently in thirty years produce^ 
an excefs of 1 1 whole days+. It remained next to be confi- 

. dered 

^ A paifage in Alt&aganus (who wrote about' the year of Chrift 950) would 
lead us to inferi that, befide the two ways of computing time here diftingul(hed» 
the Aftronomers were accuftomed to follow a third, whofe periods were marked 
by the conjundioR of the lummaries : but, at this learned Mahometan was a 
profefled ftudent of Ptolemy's works (which in this place he quotes), we may 
conclude, that, when he fpeaks of aftronomers, he does not mean to confine the 
ezpreffion to thofe of his own country or religion (/)• 

f The mean fynodic revolution being 29 d. xa h. 44' and nearly ^*\ this cycle 

,VoL. LXXVIIl. K k k faUs. 



420 Mr. Marsden on the Era of 

dered in what order and method thefe additional or intercalarj^ 
days Ihould be inferted, fo as to «fie£l the compeniation re- 
quired with as much equabilit;y as poffible, and maintain a. 
correfpondence, as near as circumftanCes would admit, with, 
the periods marked by the phafes of the moon. The follow- 
ing are the years to which, for reafons that fhall be afterwards 
afiigned, it was judged proper to annex an extraordinary day, 
apd which (in contradiftinftion to thofe 19 that have only 354 
days) are termed ^wrj of excefsj viz. the 2d, ^th, 7th, lOth,. 
•13th, 1 6th, 1 8th, 21ft,. 24th, 26thi and 29th^ of the cycle of 
thirty years. 

Their months, conformably with, thofe of the Hebrew ca? 
kndar, it was determined ihould confift alternately of 30 and 
29 days;, and therefore, in an ordinary or (imple year of 354 
days, the twelfth and lafl: month, Dulhaj^e, would have only 
xg ; but, in the years of excefs, the intercalary day is added toi. 
this month, which is then made to confift of 30 days, and the 
year, confequently, -of 355 days (jn). Thus, for example,, 
in the year of Chrift 622, the Hejera, commenced on the i6ih. 
^f July, with the Arabian month 



Days. 
Mohafram, which had 30 
Safar - • • Z9 
Rabee prior - - 30 

Carried over 89 



Cayf*. 

Moharram, in the 2dyear, had 30 
Safar . - ^ 29^ 

Rabee prior - • 30. 

Carried over 89 



falls ffiort of thirty complete lunar years, by fomcthing more than 17, and con- 
fcqiiently advances one day in about 2500 years. The Chaldaans, who mad6 
the time of the revolution to confift of one fcruple,, or 1080th part of an hour, 
more than the Arabs thought fit to allow, were wonderfully near to the truth (/). 
If, inftead of thirty years, a cycle of nineteen had been chofcn, and fcvcn 
days intercalated, there would have been an excefs of a thirtieth part of a day, 
which would have caufcd the reckoning to retrograde one day in 570 years. 
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Days. 


' Day«. 


Brought over 


89 


Brought over 89 


Rabee pofterior 


29 


Rabee pofterior - * ^9 


Joomad prior 


30 


Joomad prior - - 30 


Joomad pofterior 


29 


Joomad pofterior - 29 


Rajab - - . 


30 


Rajab . - - 30 


Sabaii ^ . - 


29 


Saban - - - 29 


Ramadan 


30 


Ramadan - - - 30 


Sawal . - - 


29 


Sawal . - . 29 


Dulkaidat 


30 


Dulkaidat - - - 30 


Dulhajec 


29 


Dulhajec - • • ^o 


Days 


354 


Days 255 


Ended .5 July 623* 




Ended 25 June 624* 



It may not be uninterefting to examine the rule by which 
the Arabians appear to have been guided, in placing the inter- 
calary day at the end of thofe particular years which have been 
fpecified. It was obferved, that the annual excefs Is calculated 
to be 1 1 parts in 30 of a day. At the commencement of the 
firft year of their firft cycle, they appear to have aflumed the 
faft (fomewhat capricioufly) that there was then an excefs of 
1 1 parts, belonging to the preceding year, to be accounted for, 
or brought on. At the end of the firft year there would confe* 
quently be 22 fuch parts ; and at the end of the fecond year 
33 parts. Here then the firft intercalary day was applied ; that 
fecond year was made to confift of ^SS ^^ys, and there re- 
mained 3 parts, over and above, to be carried on to the next. 

Kkk2 At 
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At the expiration of the third year, the parts amounted to 14 ; 
of the fourth year, to 25 ; and of the fifth, to 36 ; when the 
if>tercalation wab again applied, and a balance of 6 parts car- 
ried on. From this it will be underftood in what manner the 
fra£lional exceedings of each year were combined and difpofed 
of through the fucceeding years of the cycle ; and it will be 
neceffary only further to remark*, that, when the aggregate of 
the fradions falls (hort no more than 2 or 3 parts of the 
number of 30, they fiill add the intercalary day, and dedud 
the deficiency from the excefs of the following year, which, 
in the courfe of one cycle, takes place only three times. At 
the end of the 29 th year, the accumulated frad:ions, amount- 
ing exadtly to 30, are commcnfurate with the intercalation 
then applied ; and the excefs of the 30tb, or lafl year, is ac- 
counted for in the firfl: intercalatbii of the fucceeding period. 
The operation would doubtlefs have appeared more methodical, 
if the firft intercalary day were not to have been added till the 
end of the third year, and the eleventh, or laft, till the end 
of the 30th year or termination of the cycle. From this confi- 
deration fome commentators have been led to diflent from the 
more general idea, as above given, and to fuggeftr that tht 
embolifm is in hO: applied fo foon after the commencement 
of the cycle, as the yearly accumulation of the fradtional 
parts exceeds the fum of half a day, or twelve hours, and 
that it accordingly is made to take place at the end of 
the fecond year, becaufe the fractions then amount to 1 7 h. 
36'', or 22 parts in 30; at the end of the fifth year, becaufe 
they then amount to 25 ; and at the end of the feventh year, 
to 17 parts ; keeping thus as near as poffible to the mean divi- 
fion of time, by applying the compenfation before it is fully 
wanted. The effed, however, is in both cafes the fame, 

and 
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and it is of but little moment to determine which theory is 
right*. 

This cycle of thirty Mahometan years, contains 10,631 days, 
and is equal to 29 years and 39* days of our computation. The 
annual mean difference is 10 days and 21 hours nearly ; which 
in common calculations, for ihort periods of tinw, may be 
reckoned at 1 1 days, by which number the lunar year antici- 
pates the folar. 

Annexed hereto is a table exhibiting the correfpondence of 
the years of the HejcrJl, from the eftablifhment of that epochi 
with thofe of the Chriftian era, to the year of our Lord 200Q. 
Until the beginning of the prefent century, it -appears fuffi- 
cient to diftinguifh every tenth year; the intervals between 
which may be calculated with eafe and precifion, by attending 
to what has been faid rcfpedting the cycle. From the year 
1700 to the coHclufion of the twentieth century, for the con- 
venience of hiftorians yet unborn, the commencement of each 
year of the Hejera is afcertained. Thefe tables are founded 
upon thofe of GaAVius (J. Gkeaves), in his Epochae cele- 
briores Ulug Beigi, publiihed in itS5o; but as he, in con-^ 
formity with the principles of this celebrated Tartarian aftro- 
nomer f , has .fijced the epoch of tlie He|er^ to the 1 5th July^ 

* The former hypothefis is fupported by Christmannus (Commentarius ad . 
caj>utprimum Alfragaki, 1590}, who quotes many ancient authorities. F£ta* 
▼JT7S (Peteau) (dc Do^^rina Tcmporum, 162,7) is inclined to ^ire the preference 
to the latter, on the authority of Paulus Forosempronius, and the probability 
of the matter 4«). It does not appear at what time the ufe of this cycle was intro- 
duced, but probably fubfeqnent to the eftabliihfhent of the era by Omar, though 
he is faid to have been aMed on that occafion by a learned Perfian. 

f Ulug Beig was the grandfon of Timur the Great (Tamerlaxe), to whofc 

empire he fucceeded on the death of his father Shah Rukb. He* was born in 

13931 and died in 1449*. 

inilead. 



424 Mr. Marsden w tie Era $f 

inftea3 of the i6th, or hiftorical period, it was judged requi- 
^te to add one day, throughout, to his calculations. The pro- 
priety of this alteration is ftrengthened by the authority of 
-other chroiiologifts *, and by tlie practice of the modern alma- 
nacs -f-. It is alfo to be ohferved, that the tables of Gra- 
vius, having been compofed in the feventeenth century, are 
calculated bot'h for paft and future time, according to the old 
ilyle ; and as the change took.place^ in England, in September 
of the year 1752^ it was neceffary to adjuft all the fucceeding 
years to the hew calendar. In order that a judgment may be 
formed of the correfpondence of the annual periods (hewn by 
thefe tables, founded on the cyde of thirty years. Which is 
-adjufted to the mean motion of the moon, with thofe marked 
^by the appearance of tha;t planet, a (hort table is fubjoined, 
containing a Comparifou of the refults of the two modes of 
reckoning, during one cycle. Commencing with the year of 
theHejera 1171 (^). 

• Sec Tablca of the Hejcri in RiCCioL'i, Ohronologia Rcformata, i659» 
Ephemerides Mat. Filed. Beckii, 1695 («). 

f According to the original'tables of Greavea, the firfl: day of Moharram, 
in the year of Christ 1783, falls on the '14th Novcrtlber, O.S., or 25th 
November, N.9. ; and in 1784, on the 2d November, O.S.» or 13th November^ 
N.S. ; whereas, by two almanacs, printed at Calcutta in Bengal, it appears, 
that the days fliouldbe the 26th and 14th November. Of thefe almanacs, the 
-one was compiled in the " Office of the Miffion ;•* and the other by an ingenioui 
jaftronomer from England; and both founded on thcufage of the Mahometaot of 
India* 
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AUTHORITIES. 

(^a) ** Epochae ver6 hujus ufum introduxFt Omar, qui pri^ 
mus titulo hoc .literas et diplomata fignari juf?it; et quidenx: 
anno, ejufdem cpochae demum i8, laienfe Gjumad^ pofteriore^j: 
nt ex Hiftorl^ Sarac Ibn Amidi^ et aliunde liquet.** Golius^ 
uotae in Alfeiwj anum^ i 669> 

(F) •' Ante illud tempus iimilis quoque ArabiBus mos fue«- 
rat putare fuos annos a.Bellorum initiis, et celebrioribus pugnis.'** 
GoLius ut fuprd. 

(c) '* Arabes annos Higrae feu migratlbnis MuKammedicas* 
Bumeraat a neomenii Muharram ; licet Muhammed .Meccd. 
«celferit die primo Rabiae prioris,. diebus 59 poft epochae ipfius- 
diem." Golius ut fupra. 

(^) " Initium hujus epochaei eft principium Moharram^ 
illius anniin quo Propheta nofter Mohammades a Mecca ad* 
Medinam migrabat ; et illud fecundtim medium calculum, eft 
feria qumta (dies Jovis), fed fccundum pliafim Lunae, dies Ve- 
neris." Ulug Bejg, 1445, per Gravium, ^^S^* 

** iEra Arabum ducitur a principio ejus anni, quo Muliam— 
med» reliftSl Mecci, commigraidt Medinam: eratque iftius. 
anni initium feria. quinta." Alferganus, 950, per Go— 
JiiiJMy 1669.- 

** Sequimur autenvSaracenum, cira. facimus initium anno- 
r.um.HegiraB k. feri^ fextd: is enim ita fcribit : *Quidaminci- 
piunt computationem menfiom a no£te quintae feriae, et ponunt 
ibi Almuharam anni. repulfionia: et q^uidam ponunt ipfum a: 
noifte diei Veneris^, et fecundum illiid fixus eft ifte nofter liber :: 
quoniam ifte dies fuit initium anni veri, et eft magis conve- 
niens ortui nova£ lunae/ Ex quibus verbis perfpiccre licet^. 
1 nor 
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nos Hegiram incipere a phafi lunari, quae incidit In principlutn 
feriae fextae, et minimum integro die poft conjunftionem me- 
diam folis et lunae in oculos incurrit/* Christmannus, 

(e) " At fextus peculiariter dies Conventiis dicitur ; quia eo, 
utpote fibi facra, in templum cathedrale convenire folent." 
GoLius ut fupra. 

«* Commodum igitur tunc evenit, ut in eundem diem feria 
fexta, quae Veneri confecrata fuit, et neomenia popularis, ac 
luna corniculata, &c/* Pktavius de Dodrina Temporum. 

(J') " Caufae autem primam Lunae vifionem vel retardantes 
vel promoventes, tres potiffimum in aftronomi^ redduntur. 
Prima eft obliquitas fpherac, longos vel breves occafus addu- 
cens : in (ignis namque longarum defcenlionum, nempe in Pif- 
cibus, Ariete, et TaurOj fieri poteft, ut prima phafis Lunas paul6 
poft conjun£t:ionem confpiciatur. Altera caufa eft tempus con- 
jundiouis Lunas cum fole circa limitem Boreum. Tertia de- 
nique, fi luna fit motu velox, quails eft circa Perigaeum.** 
Hevelii Selenographia, 1647. 

(^) " Ita fit, ut primus illorum menfis, qui eft Muharram, 
nuUam certam in anno Juliano fedem habeat ; fed quotannis 
antevertat ; ac totuin anni noftri contextum peragret.^' Peta- 
vius, Ratipuarium Temporum, 1702. 

(6) ** Maho^edani nienfes hujus epochae a phafi novilqnii 
ad phafiin fequentis novilunii numerant. £ duodeclm menfibus 
annum conftituuht. Anni^ itaque, et menfes, iecundilm 
eorum ufilm, funt luriares veri.** Ulug Beig. 

" Voluerant autem Arabes d velperd diem aufpicari ; quo- 
niam d ptiafi lunar! incipient humerare dies menfium/^ Al* 
FRAGANus, per Chrisi^mannum. 

z •• Omnes 
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^ Oomcs lUae ;genfies, qu^ annp kinari funt ufae^ non {bluisa 
banc pricnam Lunas apparidonem dillgeotcr atteinienHit, ied 
emm oumerom pancipiumqu/e cujudibet oiepiijs ab ea iuie^ 
runt.*' Hevelius. 

(/) ^^ Moofes, Xecundum VrpiOM^Wf comput^ntUir ati uosl 
medii Iblis et lunac conjunfUone, ufque ad alteram : verus w-^ 
tem meniis incipit podft digrdSTum btmioanuni, ^elapfo uno die 
Mturali.'^ Almlaganvs, per Chri^tmajsi^pm. 

(i) ^^ Neque enim tempus quod a pbafi petittiri oejrbd defig- 
nari poteft, liomimbus praaferttm JQngw^ diflitis, aut poft veti- 
tiitis; quod ires civiles ac (>oUticas reqiiwiilQt : s&ronomlcx vero 
ec chranologioflB confiftere abfque jeo oeutiquam ppffu&t. Sa* 
cne, autem, quia juxta phadn primum inf^JO^ ^tmt, juxta 
eandem quoque obfervari debuerunt.*' Golius ut fupra. 

(/) '^ Satis intelligitui:> voluifle Arabes de induflrii recedere 
ii calendario Judaico, commodioreoique annorum fuorum pe« 
rtodem et rationem intercalandi obfervare/' Christmannus* 

(m) ** Aftronomis, Moharram <(menfis primus) trigtnta .eft 
dieruxxXy et Sa/ar j(iecundus) undetrigiixtajCt iimilicer menfium 
uaus tffginta dienun^ et alius undctriginta i^que^d fioem aimi. 
Singulis autem annis tfioeuis, raenfem Dulhe^ah ^{^re- 
ixAim) undecies conftitmint trigitita dierum; atquehoc^t an^o 
iecuodo, et quinjto^ &c/* Uluo Beio* 

^^ Stmt autem meufes quidam 30, roqauUi 29 dierum ; tit 
anaus (implex ocmAet 354 diebua* Menfes Arabumla pbsfi 
Imiari variant pro lumiais additione vel dimiuutione : ideo redd 
eonftitutum eft, ut menfes aitejpatatim fint plenl^ cavL Sjpt^ 
cio triginta annorum accrefcunt undecim dies intercalares : 
ratione verae annt quaatitatis, qu0e ponituf 35 4 dierum et H 
diei. AnuuSy in quo frafblones coUigiiiitury habet 7 menk^ 
pknos et 5 -paros. Mentis cui adhibetur intercalatio feoiper eft 
dierum 30; unde annus mtercalaris nuncupaturi qui menfi 

Vol. LXXVm, L 1 1 Dhilhagt 
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Dhilhaga (Dulhajee) diem adjicit, ut nbtnm eft omnibus/* 
Alfraganus, per Christmannum. 

(«) " Sed civilf ratione turn dies unuR intercalatur, cum 
horariae appendices dimidiatum diem fuperant, ut Paulus exifti- 
mat. Alii ut Christmannus, &c." Petavius, Dodtrba 
Temporum. 

\o) " G. KiKCHius in calendario Chrift''-Jud®-Turc°, prae- 
fati anni 1687 uno die ferius diftum annum Turcarum recea- 
fet.** Mat. Frid. Beckius, Eph. '1695J 

{p)^y^ Noti enim femper contingit, initium mentis, ratione^ 
et calculi et primas phafeos^ incidere in eundem diem : neque 
hoc fit, nifi'tradu temporis ambo inter fe aequentur." Alfer- 
QANUs, per Goi^iuM. 
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Comparifon of the commencement of thirty fucceflive years, 
' accordhig to the divilion of the cycle, and the appearance 
of the new moon. 
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1181 


-\IU 


30 May 


27 May 19 


29 May 


12 


1182 


ig May 


16 May 8 . 


ij May 


»3 


-,183 


1769 


7 May 


6 May i 


7 May 


14 


1 184 


• 1770 


27 April 


25 April 17 


27 A,pr\i 


\i 


-ii8s 


I77I 


16 April 


15 April ^ 3 


16 April 


1186 


-^12^ 


5 April 


3 April s 


4 April 


n 


1187 


^773 


25 Mar.^ 


23 Mar. 5 


24 Mar. 


i8 


-1 188 


' ^774 


14 Mar. 


12 Mar. 10 


14 Mar. 


19 


1 189 


177s 


4 Mar. 


I Mar. 22- 


3 Mar. 


20 


1 190 


^1776 


21 Feb. 


19 Feb. 13 


21 Feb. 


21 


-1191 


^777 
1778 


9 Feb. 


8 Feb. 5 


9 Feb. 


22 


1192 


30 Jan. 


28 Jan. 15 


30 Jan. 


23 


"93 


1779 
-1780 


19 Jan. 


17 Jan. 18 


19 Jan. 


24 


-"94 


8 Jan. 


6 Jan. 17 


8 Jan. 


25 


"9S 


1780 


28 Dec. 


25 Dec. 20 


27 Dec. 


26 


— 1196 


1781 


17 Dec. 


15 Dec. 6 


10 Dec. 


27 


"97 


1782 


7 Dec. 


4 Dec. 21 


6 Dec. 


28 


1198 


1783 


26 Nov. 


24 Nov. 13 


26 Nov. 


29 


"99 


-1784 


14 Nov. 


13 Nov. I 


14 Nov. 


30 


1200 


17^5 


4 Nov. 


2 Nov. 4 


3 Nov. 



The years marked thus — are the intercalated and biffextilc 
years in the Mahometan and Ronian calendars. 
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PRESENTS 



MADE TO THE 



ROYAL SOCIETY 

From November 1787 to June 1788; 



WITH 



The NAMES of the D O N O R S. 



Prefents. 
1787. 
Nov. 8* Archaeologia. Vol. VIII, London, 

1787- 4' 

An Account of the ancient Painting 

at Cowdrpy, reprefentiny the Pro- 

ceffion of K. Edward VI. from the. 

Tower of London to Weftminfler. 4° 

A Print from the faid Pidure. 

Librorum impreflbrum qui in Mufco 
Britannico adfcrvantur Catalogus, 
2 Vol. Londini, 1787. foU 

Bibliothecae Bodleianae codrcum Manu- 
fcrjptorum Orientalium Catalogus, a 
Jo. Uri confedlus. Pars I. Oxonii, 
1787. fbl. 

Tranfadlions of the Society for En- 
couragement of Arts, Man\ifa6lure8, 
and Commerce. Vol. V^ London, 
1787. 8' 

Rapport des CommiiTaires charges des 
Projets relatifs ^ rEtabliffemcnt des 
quatre Hopitaux. Paris, 1 287. 4^ 



Donors. 
The Society of Antiquaries^ 



The Truftccs of the Britifb 
M life urn. 

The Truftees of the Claren* 
don Prefs, Oxford. 



The Society for* Encourage- 
ment of Arts, Manufadhires, 
and Commerce. 

The Royal Acacfemy of Sci- 
ences of Pa|;is. 

Nov. 
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1787. 



tr^cnts. 



Nov. 8. Arrgt du Confcil d'Eut fur f Eta- 
blifTcmeDt de tjuatre nouveaux Ho- 
pitaux, du 22 Juin, 1787. 4^ 

Hydraulic aod Nautical Obfervations 
on the Curi^Dti in the Atlatitip 
Ocean, by Gov. PownalU London, 
1787. 4°. With a Chart of the 
Atknttc Ocea«. 

A JbtttantoU Arrangement .of Britifii 
Plants, by W. Withering. Bir- 
mingham, 1787. Vol. I. aadll. 8* 

Obfervations de M. Tr^bra fur VjtX- 
terieur des Montagses, avec iin 
Difcours preliminaire, et dea Notes, 
par M. le Baron de Dietdch* Paris, 
1787. fol. 

Nic* Jof. Jacqum Colledanea Botani- 
cam, Chemiam et Hifiorian^ Nato* 
ralem ^daoiia. Vol* I. Vindo* 
bonsp, 1786. 4** 

Kort over det Sydlige Norge, ved C. I. 
Poiltoppidan, 1785* 

Kort over den JSydHgo deel af f yea 
tOiigeitied flet tilgrcndfisnde %kke 
af Hertugdommet .Schldwij^ ice. 
tegnet af H. Shaoke, aar 1703. 

The Hiflory asd Antiquities of Afton 
Flamvile and Barbach, bjr John 
Nichols. London, 1787. ^"^ 

The Heetopades of Veefhnoo-Sarroa, 
la a Series of conneded Tables, 
tranfflated from the Sanlkreet Lan- 
guage, b(y C, WiUdns. Bath, 1787. 



't 



Donon. 

-Hie Royal Acadengr of Sei* 
ences of Paris, 

Thomas Pownall, Efq* F.R.S* 



WUlhoi Wirhertog, VLD. 
F.R.S. 

Baron de Dietrich. 



Profeflbr de Jacquio^ of Vi« 
enna, F» R« S« 



Profeflbr Bugge, of Copen* 
hagen, Fi R. S. 



Ji{r»j6fanMichoIs. 



Chatles Wmdas, Eiq. FJLS. 



A Map of the County of Clare la Mr, .Hcniy Pelhanu 

Ireland, by H. Felham, io I a 

Sheets. 
jMedioai Commentaries for the Year Andrew Duncan, M. D» 

17S6, collected bgr A« Dunqto* 

Edinburgh, 1787. S"* 

Expofition raifoxm^ de la Theorie de 

rEltiftriciti et dn Magnetifme. Paris, 

1787- 8^ 

Q^arta Diflertatio Botanica de Gera* 

nio, Auaore A. J. CavafiiUes. Pa* 

riiiis, 1787, 4^ 



Abh£ Haii^» 
Abbi CavaotUes* 



Nor. 
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Not/ J 



Prefentf. 



Prineipes fur l*Art det Accouchemeofs^ 
par J. L. Baudclocque. Paris, 1787* 

12° 

Eflki fur ^Education intelIe6tueU«| avec 
le Projet d*une nouvelle Science, par 
A. C« Chavannet* Laufanne, 1787. 

8^ 

Aftronomifches Jahrbuch fiir das Jahr 
-1789, von J, £• Bode* Berlio, 
1786. 8' 

J4 J. Hommers Anleitung Wetterleiter 
an alien gattungen iron gebiiuden 
tnzulegen. Manheim, 1786. 8^ 

Entdeckungea iiber die Theorie des 
Manges^ von £• F. F* Cbkdni. 
Leip^g, 1787. V 

Metrophanis CritopuU Emendationes 
in J* MeurCi Gloiiarium Grseco* 
barbarunw Edidic }. G, F. Fran- 
zivk. Stcndalue, 1787. 8" 

A Synopfis of a Courfe of Leftures-oii 
the Theorjr and PraAke of Medi- 
cine. PartL Boflon, i786« 8** 
15. Rachunkn Algebrttic^aego teoiya pitgrw 
ftofowani do Linii ^attfwydtu ft 
Vols* iSjrakow, 1783. 4* 

-tt^ Carte ^enirate de POcefein Allantiqa^ 
dre^e au ddp6t general desCMte*, 
Plans, et JoumauK 'de 4k Marine, 
1786^ 

lAlnaSjrfe^ laOahe geiiei»aledel^oeaa 
Atlantique, Paru, i^. 4^^ 

Sxtniits des Obfervotions Afirono- 
nAtpttB el ^nijpfiques faltes ^ A^Obkr^ 
vatoire Royal, en TAimfe I1786, par 
M. le Cbmte de Caffifli, Ditfedleur. 4"" 

A Map of the Moon. 

CommeBtarS de Rebul in Sotentta Na- 
tural! et Medicina 'geftii. Vohinen 
XXVUI. Lipfis, 1786. 9" 

Memoin o^WiWam Limbarde^ fiTq. 4^ 

La Vie de PHomme refpedt^ et 4b* 

ftndut dans ftn ddrniers Momem. 

Paris, 1787. 8* 

Vou LXXVIU^ M m « 



Donors. 
M, Baudelocque. 



ProfeiTor Chavannes, ofLau- 
lanne. 



M» J. E. Bode, Afironomer 
to the Academy of Berlhi. 

M« Hemmer* 



Dr, Chladni^ of Wittenberg^ 



Frofeffiu- Fran*, of Leipfig. 



FrofefforWftlei'houie» of Ca«« 
bridge in America* 

PiofeflbrSncadedd. 



iMasquis de Ohabtrt, F,R*S« 



ComiedeGldSni, 






Mr. J<]ihnNieholH. 
M. Thiery, 



K^y. 
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PreftDts. 
1787. 
NoY« 2t* Eilky on the Caufes of the Variety of 
Complexion and Figure in the Hu- 
man Species, by Sam. Stanhope 
Smith. Philadelphia, 1787. 8"^ 
Dec. 6. Elements of Conic Sedions, by C. 
HuttoD. London,- 1787. 8° 

InHitiitiones Phyfiologicae, Au^lore L. 
M. A. Caldanio. Venctiis, 1786.8*^ 

Inflitutiones Fathologicse, Au6tore L. 

M. A, Caldanio. Vcnetiis, 1786.8^ 

. Nova Analyfcos Elemcnta, Au£torc J. 

B. Nicolai. Tom. I. Pars I. Pa- 

tavii, 1786. 4*^ 

Riforma de' Carri di quattro Ruote, del 
Conte L. Rizzetti. Trevigi, 1785. 8^ 

Relacion de las Epidemias de Calen- 
turas putridas y malignas, en el 
Principado de Cataluna, por Don J., 
MafdevalU Madrid, 1786. 4"^ 

Relation abregee d'un Voyage, k la 
Cime du Mont*Blanc, en Aoilit 
17*7, parH. B. de Sauflure. Ge- 
neve. 8° 
23,-1^9008 de Calcul differentiel et de 
Calcul integral, par .M. Couiin* 
2 Vols, Paris, 1777. 8"* 
tO« Appendix to Dr. Garthihoce'a Obier- 
vations on numerous Births, printed 
in the Philofophical Traniadionsy 
Voi.LXXVn. 4^ 

Meteorological Diary, kept at Madias, 

from Sept. 14, 1786, to Feb, 17, 

. 1787. MS. fol. 

An Account of Experimenta made by 
Mr. Miller in the Firth of Forth, 
the 2d of June, 1787, in a double 
Veffcl. MS. foU 

- MS. Papers of Zachary Williams, on 
making Sea Water frelh, the Lon- 
gitude, &c. 

A Pjint of John Hunter, £fq. F..R. S« 
engraved by W. Sharp. 

A Print of Sir William Hamilton, KJS. 
F. R. S. engraved by H. Hudfon. 



Donors. 

The Rey. Dr. Williams, Secre- 
tary to the American Aca- 
demy. 

Charles Hutton, LL.D.F.R.S. 

Profcflbr Caldani, of Padua, 
F.R.S. 



ProfelTor Nicolai, of Padua. 

Conte Luigi Rizzetti. 
Don Jofeph Mafdevall. 

Fowler Walker, Efq. 

M* Coufiju 



Maxwell Garthfliorei M. D. 
r.R.S4 



WiUiam Petrie^ Bfq. 
Patrick Miller, Etq. 

Mi:.JohniNichQli«. 

Mr. WillianoLSharp. 
Mr, Htnrj Hudfon.^ 

Pec. 
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1787. 



Prdcntf. 



Dec. 20* A Print of John Henniker^ Efq. F.R.S. 
engraved by the fame. 
1788* 
Jan. 10. Memoires de I'Academie Royale des 
Sciences. Annies 1770, 1772. 
Partie I. 1779, 1 780, 178 1, et 
1782. 
Memoires prefentfes i TAcademie 
Royale des Sciences, par divers 
Savans. Tomes Vn. IX. et X. 
Table generale des Matieres contenues 
dans les Memoires de I'Academie 
Royale des Sciences, Tomes VII. et 

vm. 

Vari componimenti della Accademia 
degli Etnei per la morte di Ignazio 
Vincenzo Paterno Cafiello Principe 
V.diBifcari. Catania, 1787. 8^ 

Elogio d* Ignazio Principe di Blfcari, di 

Giov. Ardizzone. Catania, 1787, 

go 

Funebris laudatio Egnatii Bifcarorum 
Principis, a. Rayro. Platania. Ca« 
tinat, 1787. 8* 

Orazione funebre d* Ignazio Principe 
diBifcari. Catania, 1787. 8° 

Elogio d' Ignazio Principe di Bifcari, di 
Domen. Privitera. Catania, 1787.8® 

Liber Sinicus Tao Te Kim infcriptus, 
in Latinum Idioma verfus. MS. fol. 

Remarks on the Means of obviating 

the fatal Effects of the Bite of a 

mad Dog, by R. Hamilton. Ipi^ 

wich, 1785. 8^ 

« Practical Obfervations . on Venereal 

Complaints. Edinburgh, 1788. S'' 

17. The London Medical Journal. Vol, 

vm. London, 1787. 8° 

^ Obfervations on extra- uterine Cafes, by 

M. Garthihorc. (Part of the fore- 

going Medical Journal). 8° 

Obfervations fur les Effets des Vapeurs 
Mephitiques dans PHonune, &c« 
Paris, 1787. 8* 



DonorSf 
Mr. Henry Hudfon. 



Royal Academy of Sciences 
of Paris. 



The Prince of Bifcari. 



Matthew Raper, Efq. F.R.S. 
K. Hamilton, M. D. 

Francis Swcdiaur, M. D. 

Samuel Foart Simmons, M.D. 

F.R.S. 
Maxwell Garthfhore, M. D. 

F. R. S. 

M. Portal. 



M m m 2 



Jan. 
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Prc&ats. 



Sonon* 
M. Portal. 



•788. , . , 

fan, 17- A¥U ftlr lc« moycni . pmtiquf f avco 
fucc^s pour fecourir le$ Pcrfonnc» 
noyees, &c, Paris, 1787. 4"* 

The fame, printed in fol. pat. " 

Jt4, Medical Commantaries fot the Tear Andrew Duncan, M.D, 
1787, collcacd by A. Duneati. 
Edinburgh, 1788. 8"* 

A Meteorologieai Journal of the Year Mh William Beftt, 
1787, kept in Pater-noftcr-Ro¥f, 
London, by W- Bent. 4"" 

31. KoBgU W^co&aps Academiens nya 
Handlingar. Tom. VII. for 1786, 
3d and 4th Quarters ; and Torn. 
. VIII. for 1787, ift and ad Q^iarters. 
Stockhdm. 9* 

Morfels of Criticifm. London, 1786* 



The Koyal Academy of Sci* 
ences of Stockholm. 



Edwaid King, Efi^. F. R. S» 
D, Serafino Serrad. 



Sig. Francefta Mazzarella« 
Farao. 



l^ttere di Fifica fperimentale di D. Ser. 

Serrati Fireozc, 1787. 12* 

La Neoellenopedia di Fr. Mazcarella« 

Farao. Parte I. e 11. Napoli, 

1779. 8* 

Difamina del parere di M. Voltaire 

fulla Poefia Epica. Opera del S. 

PeoU Rplli, tradotta dalP Ingleie. 
' Napoli, 1779- ^ 

Di Mv^o gli amorofi awenimenti tra 

Ero e L^ndro, tradotti dal Greco 

in Latino, ed in verfi Italiani da 

Franc. Mazzarella-Farao, Napoli, 

1787. 8^ 
|fob. 7» Two Impreffiohs, one coloured and 

one uncoloured, of a Portrait of 
William Herfchel, LL.D. F. R. S. 
painted by Abbott, and engraved 
by Rydera 
Ji £• Smith, Difputatio inauguralis 
qusrdam de Generatione complec** 
tens, Lugd. Bat. 1786. ff* 

ai« Memoirta Academiquea, on honvelles 
Decouvertea fur la Lumierc. Paris, 

1788. 8* 

Chemical Obfervations on Sugar, by Mr. EdWard Rigby* 
S^Rigby. London, J788. V* 



Mr. S. Wattf. 



James Edward Smith, M. D. 
F. R. S. 

M. Marat. 



Feb. 
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Prefents. 
1788. 
Feb. aSt Pharmacopoeia CoIIegii Regalia Medi- 
corum Londinenfis. Londiniy 1788* 

Theoretifch -praktifche beurtbeilungdcs 
Scharbocks. Pcterihurg, 1787. S"* 

Plan et Profil d'un Batiment pour coa- 
ferver et purifier lea- eaux k boire, 
propofe par Domioique Spedicati, 
MS. 

Obfervatloni fur TArc-enfCiel, par M« 

TAbbeP. Paris, 1788, 8* 

Mar. 6. The Defcription and Ufe of Nairnc'a 

Patent Eledrical Machine. London, 

1787. 8" 

Tarantifmo obfervado en Efpana, fu 
Autor Don F. X. Cid. 1787, 4** 

F. X. Cid DifTertatio circa inventionem 
Pulfus antidifcroti tamquam veri 
ligni Diarrhoeam ventofam demon- 
ftrantis. Toleti. 4** 

Fenomeno raro del primero que fe ha 
conocido entrar en el Hofpital Ge- 
neral de Madrid por hi^er fido pi- 
cato del lufe^o Uamado Tarantula. 

4° 

Befcripcion Hiftorica de . una mie^a 
cfpecie de Corea, 6 Baile de San. 
Vito, por D. B. Pineray Silcs. Ma- 
drid, 1787. 4° 
April 3« Tables of the apparent Places of the 
Comet of 1 60 1 9 whofe return is ex* 
pedledin 1789* London, 1788.4^ 

Experiments and Obfervations on Ani- 
mal Heat, and the Inflammation of 
eombuflible Bodies. 2d Edition. 
London, 1788. 8"" 

The Works of the late William Stark, 
M. D. London, 1788. 4"" 

Defcription de Pjrmont, traduite de 
PAllemand de M, Marcard. Tome 
II. Leipzig, 1785. 8^ 

A ihort Defcription of P}rrmont, abridg- 
ed from the German of Dr. Mar» 
card. London, 1788. g? 

1 



Donors, 
The College of Phjrficians. * 



/ 



Dominicus Spedicati, M. D. 



An unknown Hand. 

Mr. Edward Naime, P. R. S* 

Don Francifco Xavicr Cid- 



Don Bartolomi Pineray Sites.. 



Sir Henry Englefield, Bart.. 
F. R. 8. 

Adair Crawford, M.D.F.R.8.- 



James Carmichael Smyth,. 

M. D. F. R. S. 
Dr. Marcard. 



April. 
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1788. 

April 3, 



10. 



17 



24. 



May 7. 



8. 



Prcfcnti, 

Phyfique nouvellei par M. Delairas. 
Paris, 1788. 8' 

Method to difcover the Difference of 
the Earth's Diameters. London^ 
1788. 8° 

. Experiments on the Congelation of 
Vitriolic and Nitrous Acids » made at 
Fort Albany, in Hudfon's Bay, by 
J. M* Nab. MS. foU 

Meteorological Jouraal kept at Henley- 
houfe and at Albany Fort, from 
Nov. 8, 1784 to Aug. 31, 1787, 
by J. M« Nab. MS. fol. 

Meteorological Journal kept at Henley- 
houfe, Hudfon's Bay, from June 3. 

' to Aug. 20, 1787. MS. fol. 

Ta);>le of the mean Heights and extreme 
Differences of the Thermometer and 
Barometer at Madras, from Odober, 

1786, toOaober, 1787. MS. 
Letters written in Holland in the 

Months of September and O^ober, 

1787, by T. Bowdler. London, 

1788, 8' 
Antonii Scarpa Anatomicarum Anno- 

tationum Liber IL Ticini, 1785. 

4" 

Ejufdem Oratio de promovendis Ana- 
tomicarum Adminiflrationum rationi- 
bus. 1783. 4^ 

Metodo per coftruire e dtrigere le 
Macchine Aeroftariche, di F. Hen- 
zion. Firenze,. 1788. 4^ 

A Diflertation on the Properties of 
pus, by £. Home. London, 1788. 

4^ 
Obfcrvations on the Difeafes of the 

Army in Jamaica, by J. Hunter, 

M. D. London, 1788. 8^ 

Hifioire ie I'Academie Royale des Sci- 

ences, Annee 1785. Paris, 1788. 4° 
A Map of Hindooilan, by J. Renncll. 

In 4 Sheets. 
Memoir of a Map of Hindooftan, by 

J« Rennell. London, 1788. 4"^ 



Donon. 
M. Delairas, 
Thomas William^ 

John M« Nab, Efq. 



William Petric, Efq. 



Thomas Bowdler, Efq. F.R.S. 



Profeflbr Scarpa, of Pavia. 



Sig. Francefco Henzion. 



Mr. Evcrard Home, F. R. S. 



John Hunter, M. D. F. R. S. 



The Royal Academy of Sci- 
ences of Paris, . 
James Renncll, Efq. F. R. S. 



May 
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1788. 



Prefents. 



May 8« Carte Topographique de Spa, et de 

. fc8 Environs, par T. J« Collins. 

Eifays Medical, Philofophical, and 

Experimental, by T. Percival. 

4th Edit. Vol. 1. Warrington, 

1788* a** 

22. A Treatife on Medical and Phar- 
maceutical Chymiftry and the Ma- 
teria Medica. 3 VoI&« London, 
1788. 8^ 

An Effay towards a Sylicm of Mi- 
neralogy, by A. F. Cronftedt, 
enlarged by J. H. de Magellan, 

- 2 Vols. London, 1788. 8^ 

Aftronomifches Jahrbuch fiir dai 
Jahr 1790, von J. E.Bode. Ber- 
lin, 1787. 8^ 

Tratado de Navegacion, por D. Jof. 
de Mendoza y Rios, 2 Vols. 
Madrid, 1787. 4° 

The Aggrandizement and National 
Perfection of Great-Britain. 2 
Vols. London. ^ 

29* An Account of the Life, Writings, 
and Inventions, of John Napier,, 
of Merchifton, by D. S. Earl of 
Buchan and W. Minto. Perth^ 
1787. 4° 

The HiAory of a favage Girl, 
caught wild in the Woodi of Cham- 
pagne, tranflated from the French. 
London. 12® 

Eflai analytique fuf l*Air pur, et les 
differentes efpeces d'Air, par M. 
de la Melherie. Paris, * 1788. 

8^ 

Diflcrtation fur Teffet de la Mu» 
fique dans les Maladies nerveufes, . 
par L. Delbout. St. Peterfburg, 
1784. 8- 

Memoire fur le Scorbut, traduit de 
I'Allemand, de H. Bacheracht. 
Reval. 1787. 8' 



Donors. 
John A{h, M. D. F. R. S. 
Thomas Percival, M.D. F.R.S. 

Donald Monro, M. D. F. R. S. 

Mr. Be Magellan, F. R. S. 



Mr. J. £• Bode, Afironomer to 
the Academy of Berlin. 

Don Jofef de Mendoza y Rios. 



George Edwards, Efq. 



David Earl of Buchan, F. R. S». 



William Seward, Efq.F. R..S# 



M« de la Metherit^ 



M. Deibout. 
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1788. 

May 29. 



June 5. 



12. 



AnaUfe d'lm Mimoire fur le Scorbut 
du Dr. Bacheracht. MS. 4'' 

Appendice du Tradu6teur et Re- 
dadtcur it TExtrait fuidit. MS, 4** 

Hiftoire et Memoires de rAcademie 
Royale de Sciences, InfcHptions, et 
Belles Lettres de Touioufe. Tom, 

I. II. et IIL Touioufe, 1782— 
1788. 4** 

Troiiieme Rapport des Cooimiiraires 
charges par rAcademie des pro- 
jets relatifs ii retabliflemeiit des 
quatre H6pitaux. Paris, 1788. 4"" 

A Letter to George Earl of Lei- 
cefter, from J. Henoiker. Lon- 
don, 1788. 8"" 

CoUe^ions for a Hifiory of Sand- 
whh. Parti. Cimerbiliy, 1788. 

Elemens d' Anatomic. Fartiel. Pa« 
ris, 1788. 4^. 

•Nouvelle Thforie Afbooomique, 
pour fervir a la detcrminatioa des 
liOOgitodesy mife aujour, par J. 
Rutledge, Bart. Paris, 1788. 4'' 

A Map of the Ifladd of Sicify, by 
K. Mylne* 

Precis d'un Ouvl-age iotitoU, Re- 
flexions fur les Hopitaux, par M. 
Le Roy, M8, 

Plan et Eievatioh d'un Projet d^HA- 
tel-DieU»deM.LeRoyE. 3 Plates. 

Connoiflance des Terns pour l'Ann6e 
179^ piildUe par M» Mecbain. 
Paris, 1788. 8' 

Art du Potier detain. Port L «t 

II. Paris^ 1788* ^ foh 



X>oBor«« 
M. Delbout. 



The Royal Academy of Science! 
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AN 

INDEX 

TO THE 
S E V E N T Y-E I G H T H VOLUME 

OF THE 

PHILOSOPHICAL TRANSACTIONS. 

A. 

ACCOUNT of experimentt nude by Mr. John M* Nah^ at Albtftjr Fort, 
Hudfon^t Bty, relative to tlie freeziog of nttroui and Titriolic actdf, p. t66. 
Account of an experiment to determine the zSttk of (alt npon the expanfion of water 
by cold, p« 311. 

Aiid^ vitrUiic^ experiment! on, p. 177. Itt dStBt upon the fiieeziog point of vrater, p. 
30;. Nitfms acid^ its eflfefl on the freezing point of waier, p. 306. Efieft of the 
JuLfiitak acid in lowering the freezing point of water, p« 307. 

Acidity y Oblervationi and experiments on the principle of, p* 147, 313. 

JtrinlM^iJture^ devapordtion of, p* 4.9. 

jltr, frigorificy experiments on the toechanical expanfion of, p. 43. Air, fnfceptible of 
hear, p. 56. Fixed air contains about half its weight of water, p. xja. On tha 
lamverfion of a mixture of dephlogifticated and phlogifticated airs into nitrous acid by 
the eleAric fpark, p. 16 r« Nitrous air contains water, which contributes to the 
formation of fixed air, p. 318. If phlogifticated and light inflammable air be pre* 
Tented to each other at the inftant of their reparation from folid or liquid fabflances, 
ftnd bdbre their particles hare rctecled from each otheri diey readily combioe and 
Vol. LXXVIU. N a a generate 
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generate rohiHe alkali, p. 381. The combination of the phlogifticated and inffiua-- 
mable airs, and the formation of volatile alkali, depend chiefly, if not altogether,. 
on the approximation of the parts of inflammable air, when phlogifticated air is pre- 
rented to them, p. 382* Nitrous air mixed with hepatic air will form volatile alkali^. 

P- 384- 
if/Vi, on the affinities of the phlogifticatcd and light inflammablei p. 379* See Air. 
^.Vif^ F^r/,. account of experiments made there, p. i66. - 
Aikdli^ mineral^ its eife6k on the freezing point of water* p. 308. ffoUtilg AOtmlij ict 

e(fe£t on the fame, p. 309, On the formation of volatile alkali, [h 379. When 

iron, water, and fulphur, a^t upon each other in atmofpheric air, volatile alkali ia 

fornoed, p. 384. Volatile alkali formed by mixing nitrous air with hepatic air. p. 384* 
America^ Soutb, account of fome native iron found there, p».379 i83« 
A^abi and other Mahometan nations reckon their time, by the lunar year, p» 414. 
Atmofphtrt^ correfpondence of the heat of the, with the height of the barometer, p. 48. 
JUraHUu of lifie^ P*. 29* Its caufe can never be inveftigated^ p. ^$« Study of the 

laws of the attraction of life, or what has been called mafcular motion,, of confiderable 

importance, ibid. ' 

AuJIim^ William, M. D« on the formation of volatik alkali, and on the affinities of the 

phlogiftic^ted and light inflammable airs, p. 379.^ 
jtuthori/iiithed in Mn Marfden's accoant of the era of the Mahomeians, p. 4a j*— 428*, 

BaiRii^ Matthew, M. D. on the tranfpofltioo of the Vifcera, p. 359. 

Barhtrjy experiment on the, p. 158.. 

Saritr^ Thomas, Efq. Abflracfl of a regiftcr of the barometer, thermometer, and 

rain at Lyndon in Rutland ; with the rain at Selbourn and Fyfieki in Hampfliire, and 

at South Lambeth in Surre} • . A To fome account of the annual growth ot trees, p. 408* 
Jianmeury flateofitat London throughout the year 1787, p. 192 — 216. Abflra^ofa 

regifler of the barometer, thermometer, and rain at Lyndon in Rutland, in 1787, 

p. 408' 
Blagdtn^ Charles, M. D. on the cooling of water below^ its freezing point, p. 125. On 

the eflfeLt of various fubftances in lowering the point of congelation in water^.p. 277. 
SoraXf the efledt of, on the freezing point of water, p. 293. 

I 
C. 

Ca&mi7ima^ a kind of Indian fig, an irritable vegetable, p. i6i, ' ^ 

Cn;«i79 Tiberias, ObfeVvations on fmall quantities of elediricity, p. i. On the tempera- 
ment of thofe mnfical inflruments in which the tonesy keys, or frets are fixed, p, 238. 

DeicriptioD 
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Dc&riptio0'of a new cle6bical inflrumenti p. 2^$. 

Cgvtwdififj Henrji. £fq* account of ezperfftienti made at Albany Tort, p 166. On the 
' conveAon of a mixture of def^lo^fticated and phlogifHcated airs into nitrous acid, by 
. t1ieeie£lric Ipark, p. a6z. 

Os/ri, Michael Rabin de, on aatife iron foaad in South America. p« 37, 183. 

Cemtersf on moveable, p» 9S« 

C$roUaty, If the freezing point of the ibintion of a fait in water in any known proportion 
be given, its degree of folobility may in general be afcertained, merely by trying the 
greateft cold it will produce with fnow, p. 196. 

<^gr9lkrits^ mathematical, p. 68, 70, 71, 7$, 76, Si, 8a, 8$, 87, 90, 91, 92* 

CrMtttfff Zo^iir^on nmfcQlarmotion, p. 23. 

<CjKi0#, ob&rvatioos on the natural hiilory of, p. 219. The cuckoo taakes choice of the 
nefli of a great variety of fmall birds, p. aai* A<:fickoo choofcs the neft of a hedge- 
fparrow to lay her -egg in, p. 223. Two cuckoos and a hedge-^fparrow hatched in tbe 
fame neft, p. 229. Why, like other birds, the cuckoo does aot build a neli, incu^ 
faafe its eggs, and rear its own young, confideted, p. 229. Snbilances found in the 
ibiuch of acuckooy p. ^39. 

D. 

Sar^n, Brafmus, M, D. frigonfic experiments. See ^/r. 

Dmufo'mM/cipitlaf an irHtable vegetable, p. t6i. Obfervacion on, p. 163. 

t)l/t9vtries, two, made by the modems, in the flrufiure and phyfiology of the bodj', 

viz. the circulation of the blood; and the fympb^xics, and abforption of the lymph, 

p. 33. 
DiWir Cdftkj temperature of the water in the New Welt there, p. in. 
Drofiroy ol^rvation on, p. 1^3* 

E. 

SkHromttr^ ^r^ conflrui^ed by Mr. John Canton, p. 3. Conical corks in elcAroraetets 
preferable to pith balls, p. 5. Mr. Bennet's ele6lrometer, p. 406. 

ILUHricUyf natural or artificial, methods of minifeAing the prefence, and a(«ertainiiig 
the quality, of fmall quantities of, p. i. Mr. VoIta*s condenfer of electricity deTcri- 
bed, p. 7. Mr. Bennefs donbler of eledridty defcribed, p. 8. Ndt an indrumcnt to 
be depended upon, p. 10, 14. Remarks on tbe fubjed of eledridty in geWa), p. 17. 
Experiment ihewing the great length of imie that a quantity of eledriciry will remain 
upon a body, p. 19. , The air, or in general any Tubftance^ is a more or lef^ perfc<5l 
conductor of ele<ftricity, acccording as the eledricity. which is to pafs through it is 
more or lefs condenfed, p. aon Brief propofal of aa expfahation of the prododion 

N n n a of 



[ 446 3 

ef ekiflridty by fri6tioO|. which is dependent upon the propoCtion, m. iStat lodfci 
ftre always hl ibme degree cledkified; and ilfo upon the principle of the capadty «C 
bodies for holding ele^ric fluid being increafed by tbe proximity of other bodies m. 
certain circumftancei, p. ai. Defcription of a new ele£h-ical inflnimcnt, p. i^g^ 
DcfcriptioB of an inllcument which produces the two ftates of electricity witkott fridioo 
or cooununication with the earth, p. 405. 
iftptrimi^U proving that the nerves are not employed in the motions exdted" by iUmulii. 
p. 27. Frigorific experimenia en the mechanical expaniion of air, ezphuning the 
caufe of the great degree of cold on the funmits of high mountains^ the fudden con* 
dcnfation of aerial vapours and of the perpetual nuitabiligr •fatmofpbcric heat,, p. 43^ 
Experiments on local heat, p. 103. Experiments relating to the variation of local, 
heat in the earth iefelf» p. 1 zol On the fiarbary, p. 1 5^.. Experimenu on the cool^ 
jBg of Watcn below its freexing point?* p* i25«. Experiment on very hard pump- 
water, which generally congealed one or twi) degrees fooncr than unboiled diAilied 
water, when placed in a frigorific mixture, p* 127. Various experimenta on the 
cooliog of wnter,. p.^ia9^ 130* Experiments and obfervationa relating to the prin- 
ciple of acidity, the compofition of wa^er, and phlogiftoa, p. 147. iWdditional ebc- 
perimentson tbe fame, p« 3X3« Experiment on the Rmta ebaUptnfis^ p. 162. Expe^ 
riments on fpirit of nitre, p. 167. Experiments on fpirit of vitriol, pb x68.. 
Experiments on anew eleCb'ical inihumenr, p* 2$8, 259. Experiment on the con* 
verfion of a mixture of dephlogiflicated and phbgifticaied airs into nitrous acid, byt 
the eleAric fpark, p. 261 • Experiments on the tSt&, of various iuhftances in Icweisn^ 
tbe point of congelation in water, p. 277. Experiment, proving that nitrons ain 
contains water, and that this water, can contribute, to the formation of fixed air, p* 
518. Experiments on liquor produced by burning, in a dofe copper veflel, inflam* 
mable air, got trom Iron bj^ means of the-fteam of water, and dephlogiilicated air# 
expelled by heat only, from Minium, p. 320. Experiments on liquor produced by^ 
burning, in the fame manner, inflammable air, obtained from Iron by means of. the 
fieam of water, and dephlogiilicated air, expelled by heat only, from Manganefe,. 
ibid. Experiments on thefe liquids, made from Minium and Manganefe, united, p» 
321. Experiments on liquor, pro4nced by burning inflammable air,, obtained ait 
before, and dephlogifiicated air from Mercurios predpit. ruber, in a dofe tinned iron 
veflel, ibid. Experimenu on the formation of volatile alkali, and on the affiniries oC 
the phlogifUcatcd and light inflammable ain,, p. 3 79. Experiments ou the produftiom 
of sotificial cold, p; 395* 



Ftgy IndUm, CaAus Tuna^ a kind of, p. 161 • 

Ibdd^ define, on the hypothefis of a fingle, it.i9 fiid, that ereiy fubfliQce sa natq?^. 

wKcm. 
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whtn not dedrified, Containi iti proper ihare of elefiric fluid, which is proportionate 
to its bulk, or to fome other of its properties; and that this equal or proportionate 
diftributioD of cle£lnc fluid takes place with the greateft part of natural bodies. This^ 
however> is aot the cafe ; for every fabftance is always ele^tr^Mi p« 17* 

Foreesf centripetal, p. 67. 

F^4^f George, M. D. on raufcular motion^ p« 2$, 

tranklin^ Dr. an obfervation of his concerning the ele&ic fleid in glafsi p. 1 ix« PlOTfd- 
erroneous, p.ia2. 

G. 

GnrgiM Plmut. See Pluuu 

QUmbtr^s Saii^ its dkSt in lowering the freezing point of water, p. 290. 
Grtff, Edward Whitaker, M. D. on the manner in which glafs is charged with the clee>i- 
tric fluid, and difcharged, p. i2i» 

Hehirien^ William, M. D.4i'table of the mean heat of every roonthfof ten yean i» Lon- 
don* from 1765 to 177a inclu£vely, p*66» SeeST^i^Zri*- 

HnJlgi'fparrtWy the neft of a, chofen by a cuckoo to lay her egg in, pw 243.. An inftanoec 
of two cuckoos and a hedg^-fparrow bein^p hatched inthe fame neft, p. ia9« 

Herfchdt William, LL.D. on the Georgian Planet and its iatellites* p* 3^4* 

HtrntfTy Jphn, M. D. on the heat of wells and ipriogs in the iflandof Jamaica, and ovf^ 
the temperatarc o£ the earth, p» (3- See Ohfirviuimum^ 

Is 

J&of (blotions of nitre, very different from common ice. p. 283. 

Jnner^ £dward, £fq. oq the natural hiftory of the cnckoo, p. 119^ 

l^firmmiMt^ defcription of a new eledrical, capable of collediing together a diffufed or 
little condeoied quantity of eledricity,. p. 255. Defaiption of an infirnment which,, 
by the turning of a winch, produces the two Hates of dedtricity without friAion or: 
communication with the earth, p. 403. 

lijtrumnu^ mmpcal^ of the temperament of, p. 238. See Mujicmll^fifvamuiu 

Zv«v nativoi found in South- America, p. 37, 183.. 



J&ir, James, E{q^ letter to JofepkPtieftley, LLD. p. 323. Setlditer* 
Kjniftm, in Jamaica, fupplied with ivater from wells, p« 58* The temperatore of the 
air at Kiogfton adaska bnt of finaU variationv p. 59* 

7. ir//<r 
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Lctur from Dr. Wkheriog to Jofcph Pricftley, L L D. relrting (o Ac principle of aci- * 
dity» the decompofitioD of water, an^ phlogiflon, p. 319* Another from James Keir, 
Efq. tothe fame, on the fame fubjcft, p. 3I3. A letter from Richard Walker, to' 
Henry Caveodifh, £fq. on the production of artificial cold, p. 395. Eiftraft from a 
Tecond letter from Mr. Walker to Henry Cavendifh £fq. on the fame fubjedt, p. 40^ 

Li/tf attraction of, p. 29. See Attraction Of }ife« 

Ltifits Natmra:^ fiogular, defcribed, p- 152. 



Mabomithns^ on the era of the, p* 41 4* The vulgar or practical reckoning df the Maho« 

metans, p« 418* The political or chronological mode of reckoning among them, ibid. 

Upon the }>dkical or chronological mode of computation on which the Turkifh, 

Moori(b, and every fyftematic Mahometan calendar are founded, p. 41^. 
M/m^knt/e* See ExperimiMts. 

Marfdtn^ William, £fq* on the era of the Mahometans, called the hejeri^ p* 414* 
Mtdicagofalcattt^ obfcrvations on, p. 162. 
Mnimnt^ in the hands of the Gr^k phyficrans from the time of Hippocrates, or rather 

from the dedruCtion of the Egyptian monarchy by Carobyfes, down to the time of the 

Crufades, p. 35* 
M£ tear $iogical Journal for the year ^787 kept at the apartments of the Royal Sociery, p. 

191. See Tahks. Explanation of the inftruments with which the meteorolo^cai ob- 

fervations were made, p. 217. 
Mimo/aftiifitivaznApudica^ irritable vegetables, p. i6i. 
Minium* See Expe meats. 
il//jr/«r/, poweiful irigorific, p. 395. Frigorific mixtures recommended, efpeciallyin 

hot climates, p. 398, 399* 
Morgan, William. Sec SufvivorJI?j^s, 

Motions^ all original, are by their nature perfcftly unintelligible aa to their caufc, p. 3 J. 
MeuHtains, coldnefs of thefummits of, p. 47. ' 
Muriatic ac \ its rffeiSt on the freezing point of water^ p^ 307. 
Mufcular motion^ CVoonian le<^ure on, p* 23, 
Mttfical i Jlrumtnts, OX the temperament of tliofe in which the tOniC^ keys, orfrets^ are 

fixed, as in the harpflchdrdy organ, ^uUiar, &c« p. 238. 

3 Uta^ 
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Jfati^i Lon, account of a mafs of, fbond ia South* America, p«37, 183. 

SuholfM^ William, on an iDdrument which, by ti.e turning of a wincb^ produces the 

two dates of eledricity without fridlion or commanication with the earth, p. 403. 
JVi/rf, fpirit of, ftthje^to aqueous and fpiUtnout cbogdation, p. i66. The effeft of 
- nitre ia lowering the freezing point of tvater, p. aSi. The ice of fulutions of nitre 

very diti'crent from common ice, p. 283. Nitre and common ialt, the effedt of a 

compound folution of, in lowering the freezing p<nnt» p. 299. 
MUrcMS aciJj its efed on the freezing point of water, p* 506* 
Numhirst On fume properties of the fum of the divifbrs of, p. 388. 



O. 

Ohfer^ations on motion in general, p. 23. On the heat of wellt and fprings in the iffand' 
of Jamaica, and on the temperature of the earth below the furface in difFereot climates, 
P* 53. Obfervatiofis made at Brighthelmdone, with a view to afcenain the tempera- - 
ture of the fea as a bath, p. 64. On the manner in which glafs it charged with the 
ele&ic fluid, and difcharged, p. lau Obfervations and experiments relatmg to the 
principle of acidity, the compofi'ion of water, and phlogifton, p. 147, 315, Ob* 
fervations on the irritability of vegetables, p» 1 j8. Obfervations on the natural hrflory 
of the cuckooy p* 219*. 

ParieimHa^ obfervauooi on the, p. i6i« 

Pamaffia^ obfervation on the, p* 163. 

PblogiftoHf experiments and obfervationa on, p, 147, 31 5* 

Planei^ on the Georgian, and its fateliites, p. 364. .The light of the faeellitea of this 
planet is, on account of their great diftance, uncommonly faint, p. 376. The fecond 
fatellite brighter than the firft, bat the difference not coniiderable, ibid* The fitua- 
tions of the orbits of thefe fateliites do not materially differ, p* 578. They^ will be 
cclipfed about the years 1799 and 1818, ibid. Probably not lefs than thofe of 
Jupiter, ibid. 

Platinay dufl of, mixed with gold, found in the- kingdom of Santa Fede Bogot&». p»4i« 
188. 

Prieftley^ Jofeph, LL.D. on the principle of acidityj the conpofition of water, and 
^logiilon, p. i47,-3X3, 

Problems^ , 
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If the tget of t«ro peribnt be gtfen, to deterauoe tbe proUbaUieB of ranrivofihif 

becweeo (hem from any table of obfeiratioiiit p. j^at 
If the ages of two perfons be given, to determine, from any table of obfervationSy 
the prefent value of ihe fum payable on the contingency of one Uie*t f«r?iviBg 
theothcft P« 34i« 
Tbe agei of two perfons bebggiven, to determine the Yalue of the fam payable 
on the extinftinn of one -life in particolar, ihoold that happen after the eztioc- 
tion of the oiherliiiei p. 347. 
rr^fiiiwt. mathematical, p. 67, 68, 70, 71, 74, 7^, 77, 84, 87, 93, 9J, 96, 98. 
Fwrt /tm, a mafs of, in the ihape of a -tree with its branchesi exiftiog in Soath-Ancio- 
j-ica, p*4i» iSjtf 



'^Sartz^ flones oC^ found in South- Americai p. 4x9 187. 



Jtmm at Xyndon in Katland, at Selboorn and Fyfield in Hampfliire, and at South Laii« 

bcth in Surrey, in 1787, p. 408. 
^/filiT^tM^ a remarkable one lit Glafgow, which Mr. WiUbn per(tivedto takefdaoe 

on the furface of the fnow and hoar-froft, p. 103. 
jLoAtlk 8alif its tfSe& in lowering the ireeaing point of water, p. 289. Compound fi»ltt« 

tion of l^ocheUc fait, common fait, and Sal Ammoniac, iu eScA in producing ooU, 

p. 30a. 
J^M, common, obferrations on, .p. 162, »o3» 
XutaCkabfmJlfj OKperinenton, p. ife. Obfenration on, p. 16 j. 



Ssl Jmrn^Miac, its efea in lowering the fit«2;ing point of Witer, f. 186. Sal cadbartictii 

aunarus, its effcA in. producing cold, p. •191 • 
SdJmmnumczxA comm9n &//, their eiRA in lowering the freezing point of wan, pa 

Soz. 
&/r, common, itt eficft in lowding the ffcezilig point of water, jf. 279. Sik ef iartai^^ 
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Sts tftSt on tbe freezing point of water, p* 507* See Glsuhr\ Salt^ lUchiUe Salt. 
Samta Fe Je Bogotiy duft of phtina, mixed wich gold, fbund at, p. 41, i88. 
Saxtfragd, obfervation on, p. i6j. 

ishttrntfs^ leinperature of the water in the King's Well there, p. 1 1 x* 
^ix^ James, Efq. on kxral heat, p. 103. 

Smithy Edward James, M. D* on the irritability of vegetables, p. i$8. 
^arky ele^ric, decompofcs hepatic air, aodlcaTesaqnantityof inflammable air- equal in 

bulk to the hepatic air very nearly, p* 38^. 
Springs t in Jamaica, p. 6o« , 

Stomach of a cuckoo, fubfbinces found id, p. 23{« 
SufvtvrJI>ip%^ on the probabilities of, between two peHbna of any given ages, and the 

method of determining the values of reveriions dependbg on thofe furvivorlhipa, p. 



T. 



Vah 



ts. 



A table of the mean heat of every month for ten years in London from 1763 to 
1 772 inclufively, p. 66» 

Tables, contaioing obfervations on the wind and weather, p. Z13'-— xao. 

Table, containing the refolt of Mr. M* Nab's experiments on the nitrons acid, 
p. 169. 

Meteorological Journal for the year 1787, keptat the apartmenti of the Royal So« 
ciety, for January, p. 19s, 193. Febraaryj p« 194, 195* March, p. 196,' 
197. April, p. 198, 199. May, p. 200, aor. June, p. ao2» 203. July* 
p. 204« 20^. Aiiguft, p. 206, 207. September, p. 208, 209. October 
p. 2x0, 21Z. November, p. 212, 213. December, p- 2x4, 8x5. Greateft, 
Jead, and mean heights of the thermometer without and within, and of the 
barometer; alfo obfervations of the quantities of raio, during the tbregoing 
months, p. ax6« 

Table of odlaves and fifths, p. S46, 

7'ab!e, (hew hag the probabilities of furvivorfhip between two perfons of all ^es, 
whou> common diffcreoce of age is not lefs than ten years, p. 337* 

Table, fli< wing the value of 100/. computed at 3/. per cent, by the Northampton 
Table of obieivatlons payable on the death of the younger perfon, if theeldei 
farviveshim, p. 344. 

Table, (hewing the ^alue of 100/. computed at 5/. per cent, by the Nonharopton 
Vw.. LXXVIIl. Q o Tabk 
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Tabk> payable at the death of the younger peHba; if the dder runrrret Uiiiy 

P- 34S- 
Table, (hewing the value of lOo/. payable oa the death of the yonoger pcrfiw^ 

if the elder furrives hhn, according to the Sivedcn Table of ObfervatkHit; 

calculated at 4/. per cent. p. 345. 

Table, relating to the Georgiao Planet, p. 371. • 

Of the annual growth of Oak, A(h, and £hu tiees, p. 41O9 41 1. 

Table of the number of days in t wo fucceiliTe Mahometan yean (623, 624), p. 42 x* 

Table exhibiting the correfpondence of the years of the Hejeri with thofe of die 

Chriftian era, p. 428 — 431. 

Table containing the comparifon of the commenceraent of thirty fucceflive Maho* 

nieun years, with the fame number of Gregorian yeara according to the divifioa 

of the cycle, and appearance of the new moony p« 432* 

7'artar^ fait ef, its efFedl on the freezing point of water, p. 307* 

Thtrmomtter^ ftate of it at London throughout the year 1787, p. 192— 216. See Ban* 

• meter. 

Tit lark f frequently feledled by the cuckoo to take charge of its young one, P« 223. 

Trees^ fome account of the annual growth of^ p. 408. 

V. 

FegitMis, irritability of, fbme ob&rvaclons on, p. 158. 

Fifieraj account of a remarkable tranfpofition of the, p. 350. 

Fiirioip Greewy the cffe6t of, in lowering the feezing point of water, p* 2^2. 

Pltrhi, Wbitet ita tStd on the fame, p. 293 • 

FitrioUe acl/i, its effed upon the freezing point of water, p. 3054 



W. 

JValhr^ Richard, on the produ6lion of artificial cold, p. 395; 

Waring, Edward, M. D. on centripetal forces, p. 67. On Ibme properties of the fum 
of the divifors of numbers, p. 388. 

ITaUTy boiled, freezes fooner than unboiled, p. 128. Oil fpread over theforface of 
water pre /ents it from freezing, when other water, expofed in a fimilar manner, has 
had a craft of ice formed upon it, p. 136. Water in freezing undergoes a confider- 
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